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FOREWORD 


One  of  the  Important  goals  set  forth  by  the  party  and  government  Is  the 
development  of  every  phase  of  the  chemical  Industry* 

In  connection  with  this*  special  emphasis  is  placed  on  the  development 
of  a  vigorous  chemical  machine-construction  industry,  which  will  be  called 
upon  to  provide  the  country  with  equipment  capable  of  withstanding  various 
aggressive  media. 

Along  with  metals,  other  materials  will  be  used  widely  as  structural 
materials  and  protective  coatings.  By  1970,  for  example,  plastics  will 
make  up  an  appreciable  part  of  all  the  materials  used  in  the  construction  of 
chemical  equipment. 

The  domestic  literature  is  almost  complotely  lacking  in  reference  man¬ 
uals  containing  data  on  the  corrosion  resistance  of  metals  and  nonmetal 11c 
materials. 

In  this  book  an  attempt  Is  made  to  fill  this  gap  and  to  help  the  spec¬ 
ialist  in  the  selection  of  a  corrosion-resistant  material  or  protective 
coating.  Besides  the  descrlptirn  of  the  corrosion  properties  of  the  materials 
most  widely  U3«d  in  the  chemical  industry,  information  about  other  properties 
is  included  as  well.  The  feasibility  of  using  these  materials  under  various 
conditions  Is  also  Indicated, 

The  data  included  In  the  tables  of  corrosion  resistance  are  taken  frow 
literature  sources  and  partially  supplemented  by  experimental  investigations 
(as  Indicated  in  the  footnotes). 


Each  evaluation  of  the  corrosion  resistance  of  a  metal,  alloy  or  non- 
metallic  material  is  obtained  as  a  result  of  the  generalisation  of  at  lesst  a 
few  concurrent  data'from  different  sources.  The  principal  sources  included 
the  most  complete  contemporary  domestic  and  foreign  handbooks  of  the  corrosion 
resistance  of  materials:  Dyatlova,  V.  N.,  "Korrozionnaya  StoyLost'  Ketaliov 
1  Splavov",  1964  ed.)  Batrakov,  V.  P.,  "Korroziye  Konotruktsionnykh  Matcrialov 
v  Agrosslvnykh  Srcdakh",  Oborongle,  1952;  "Korrozii.nnaya  i  Khltnlcheskaya  Stoy- 
kost'  Materlalov” ,  Handbook  edited  by  N.  A.  Dollezhalya,  Uashgiz,  1954; 
Mantell,  C.  I,,  "Engineering  Materials  Handbook",  London,  1958;  Rittir,  F«, 
"Korrosionstabellen  Hetaliischor  und  Wichtmetallischer  Werkstoffe",  1952, 

1956;  Dechema  Uerkstoff-Tabellen,  3rd  edition,  1953-1964,  and  also  other 
references  listed  in  the  bibliography. 

When  the  evaluation  of  the  corrosion  resistance  of  a  certain  material 
involves  information  from  the  literature  which  is  Inconsistent,  this  is 
indicated  in  a  footnote  to  the  appropriate  table. 

The  author  hopes  that  this  book  will  be  useful  not  only  to  designers  and 
technicians,  but  also  to  all  these  working  in  the  area  of  the  study  of 
corrosion  processes. 


INTRODUCTION 

The  equi.pnont  of  most  chemical  processes  is  used  under  rigorous  condi¬ 
tions.  It  is  subjected  to  the  simultaneous  influence  of  aggressive  nodi urn, 
high  temperature,  pressure,  and  also  mechanical  effects  (grinding,  wearing, 
etc.).  Under  such  conditions,  metals*  are  subjected  to  corrosion  (dlslntc- 

*  Here  and  boioi  the  terra  "motel"  rofers  to  alloys  as  well  as  pure  metals. 


gration  caused  by  an  external  radium)  and,  to  a  lessor  degree,  erosion 


(disintegration  caused  only  by  mechanical  action)* 

Corrosion  may  be  either  electrochemical  (most  prevalent)  or  chemical  (for 

V — ■ 

example,  the  action  of  dry  gases  or  liquid  organic  compounds  on  metals  at  high 
temperatures ,  under  which  conditions  the  electrochemical  processes  cannot 
occur  because  of  the  absence  of  active  ions)* 

The  classification  of  various  types  of  corrosion  is  illustrated  in  Fig.  1* 
Liquid  corrosion  occurring  in  electrolytic  solutions  is  a  form  of  electro- 
chemical  corrosion.  The  corrosion  processes  which  take  place  in  the  atmos¬ 
phere  and  the  soil  due  to  tho  presence  of  moisture  are  also  classes  as  electro¬ 
chemical,  although  they  differ  in  a  number  of  details. 


Legend  for  Fig.  1: 

A  -  Classification  of  the  corrosion  of  metals 
B  -  By  the  kind  of  corrosion  medium 
C  -  By  the  nature  of  destruction 
D  -  By  the  kind  of  process 


Caseous  corrosion,  which  occurs  chiefly  at  high  temperatures,  is  a  form 
of  chemical  corrosion.  It  Is  most  frequently  a  result  of  the  oxidation  of 
metals  by  oxygen.  The  rote  of  gaseous  corrosion  depends  on  the  nature  of  tho 
metal,  the  typo  of  process,  and  also  tho  protective  properties  of  tho  oxide 
films  which  form  on  tho  metal.  For  iron  (steel),  for  example,  the  oxide  layor 
Is  protective  up  to  a  temperature  of  at  higher  temperatures  it 

becomes  porous,  loses  it*  protective  properties,  and  allocs  the  rate  of  cor¬ 
rosion  of  iron  to  incrccso  sharply. 

In  addition  to  oxygon,  the  following  gises  are  very  destructive  to  stool 
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Fig,  l,  Clnssif lcntlon  of  tho  corrosion  of  metals. 


and  non-ferrous  metals  at  high  temperatures:  sulfur  dioxide,  hydrogen  sul¬ 
fide,  hydrogen  chloride,  chlorine,  hydrogen  (under  pressure)  and  others* 
Chlorine  and  hydrogen  chloride  are  the  most  dangerous;  as  with  other  gases, 
the  intensity  of  their  action  depends  on  tho  properties  of  the  metal  and  the 
temperature  of  the  reaction*  Thus,  dry  chlorine  corrodes  steel  at  tempera¬ 
tures  above  200°C;  hydrogen  chloride  above  300°  C;  sulfur  dioxide,  sulfur 
vapor,  nitrogen  dioxide  •~5004C;  and  hydrogen  sulfide  above  500°C  (at  tem¬ 
peratures  below  500^0  hydrogen  sulfide  does  not  corrode  ordinary  steels)* 

The  temperatures  at  which  the  same  aggressive  medio  act  on  non-ferrous 
metals  are  different.  Thus,  chlorine  causes  corrosion  of  copper  at  tempera¬ 
tures  above  300JC  and  nickel  above  540°C,  Sulfur  vapor  and  sulfur  compounds, 
especially  hydrogen  sulfide,  begin  to  attack  nickel  at  300  C.  Hydrogen 
sulfide  has  a  very  strong  effect  on  copper  in  the  presence  of  atmospheric 
oxygen,  but  sulfur  dioxide  begins  *.o  attack  copper  only  at  700-900dC, 

In  the  presence  of  water  vapor,  the  gaseous  corrosion  of  all  metals  is 
increased  sharply  and  the  teraperaturo  limits  of  their  utilization  in  gaseous 
media  are  lowered  appreciably.  Hydrogen  is  dangerous  at  high  temperatures 
and  pressures  (more  than  100  atm)  since  it  causes  "hydrogenic  corrosion"  of 
steel,  resulting  in  Its  disintegration.  It  also  causey  the  formation  of 
cracks  (hydrogen  brittleness)  in  copper  and  its  alloys* 

Depending  or.  the  nature  of  the  destruction,  corrosion  ct.n  he  classified 
as  follows: 

a)  uniform;  this  occurs  when  the  s.etal  Is  sufficiently  thick  and  tho 
stremes  (tension,  eonpr^Mon)  arc  distributed  uniformly.  This  type  of 
corrosion  hss  little  effect  on  vh.>  mechanical  stiength  of  a  structure  and  i* 
evaluated  by  H'ftsurlng  tho  loss  of  mass  per  unit  area  of  metal  cr  the  depth 
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of  corrosion  of  its  surface; 


b)  non-uniform  (in  particular,  local)  corrosion  (spots,  pits .  holes  and 
point  corrosion)  arises  when  the  metal  is  not  completely  passive,  when  there 
Is  non-uniform  aeration  of  indentations,  when  there  are  different  concentra¬ 
tions  of  solution  at  different  parts  of  the  metal,  when  the  machining  of  the 
metal  surface  is  non- uni form,  etc.  Thus,  point  corrosion  occurs  as  a  result 
of  the  disturbance  of  Isolated  regions  of  the  passifylng  layer,  f>  :  example 

at  Impurity  sites.  This  type  of  corrosion  Is  especially  typical  for  chromium, 
aluminum  and  chrome-nickel  steels.  Slit  corrosion  Is  a  variety  of  local 
corrosion  which  is  characterized  by  the  Increased  disintegration  of  a  metal 
under  bearings,  at  sitos  of  loose  connections,  in  clearances,  in  threaded 
joints,  etc; 

c)  selective  corrosion  Is  characteristic  of  brasses,  in  which  one  of  the 
components  of  the  alloy  (zinc)  goes  Into  solution  (the  phenomenon  of  dezlnc- 
ing) ; 

d)  lntercrvstalline  corrosion  occurs  as  a  result  of  the  disintegration 
of  the  metal  along  grain  boundaries.  It  propagates  quickly  Into  the  interior 
of  the  metal  and  leads  vet  a  sharp  degradation  of  Its  mechanical  properties. 
Under  these  circumstances  the  failure  of  an  Item  may  occur  unexpectedly, 
without  any  change  in  the  external  form  of  the  metal. 

Intercrystalline  corrosion  is  inherent  in  many  metals;  several  of  then 
•re  especially  susceptible  to  this  form  of  corrosion  whon  they  arc  in  a 
strosr.cd  condition. 

There  aro  qualitative  and  quantitative  methods  for  the  evaluation  of 
corrosion. 


The  'lunMtnt  ivc  f  *th<%r**!  Include:  external  inspection  of  specimens  of  the 
motel  nfcor  they  have  been  acted  upon  by  an  agr.rcsslya  medium;  observation  of 
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the  distribution  of  corrosion  products  on  the  surface  of  the  metal ,  and  also 
noting  changes  in  the  solution  (turbidity,  change  of  color,  appearance  of  cor- 
roslon  products  lt\jthe  form  of  sedimentation,  etc.). 

In  addition  to  visual  examination,  more  detailed  qualitative  information 
,  is  obtained  by  means  of  microscopic  inspection  of  specimens  subjected  to 

corrosion  (especially  Important  for  the  detection  of  intercrystalline  corrosion). 
Indicator  methods  are  also  used.  In  this  case  a  substance  added  to  the  cor¬ 
rosion  medium  forms  a  color  when  It  reacts  with  metal  ions  going  into  solution. 

Quantitative  methods  for  the  evaluation  of  corrosion  include:  measure¬ 
ment  of  the  rate  of  the  corrosion  process  by  a  weight  or  volume  method;  deter¬ 
mination  of  th^  mechanical  properties  of  the  metal  or  other  material  after  it 
has  been  exposed  to  an  aggressive  medium;  electrochemical  measurements. 

The  volume  method  for  the  determination  of  corrosion  rates  is  based  on 
the  measurement  of  evolved  or  absorbed  gases.  For  example,  with  the  hydrogen 
corrosion  meter  it  is  possible  to  calculate  the  amount  of  metal  which  has 
gone  into  solution  from  the  volume  of  hydrogen  evolved. 

In  the  weight  method,  the  mass  difference  is  determined  by  weighing 
metal  specimens  before  and  after  the  corrosion  tests  (with  corresponding 
preliminary  treatment  of  tho  samples). 

In  the  cose  of  uniform  corrosion,  a  measure  of  the  corrosion  resistance 
of  a  metal  is  tho  quantity  of  metal  which  goes  into  solution.  This  is  deter¬ 
mined  either  from  tl-,o  loss  of  mass  of  tho  sample,  referred  to  unit  surface 
(1  m  ,  !  era  )  and  unit  tino  (hr,  dsy,  year),  or  from  the  depth  of  corrosion 
(mra/yr). 

The  weight  indc;:,  designated  b>  tho  letter  X,  !c  expressed  In  tho  units 
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g/(m*-hr)  «nd  is  calculated  fro.n  the  formula 

loss  (or  gain)  of  mass 
(surface  of  sample) (duration  of  test) 

The  deptli  index,  sometimes  called  the  penetrability,  is  designated  by 
the  letter  P;  it  is  expressed  in  units  of  mm/yr  and  is  calculated  from  the 
formula 

8.76  K 

P  „  — r- 

vhere  P  is  the  loss  in  nrni/yr,  determined  by  weighing  the  sa.  pie  before  and 
after  the  *.e->t,  and  d  is  the  density  of  the  metal  being  tested  (g/cm*)» 

A  5 -point  scale  is  used  for  the  evaluation  of  the  corrosion  resistance 
of  metals  by  the  mass  method,  whereas  the  depth  index  is  rated  on  a  1 0- point 
scale  (GOST  5272-50).  The  5-point  scale  is  used  more  frequently,  in  accord¬ 
ance  with  generally  accepted  practice  for  the  evaluation  of  the  corrosion 
resistance  of  metals  in  other  countries.  The  difference  consists  of  the 
fact  that  the  metal  is  usually  considered  to  be  unstable  already  when  the 
rate  of  corrosion  is  Tester  than  3,0  mm/yr.  The  5-  and  10-point  scales  used 
to  evaluate  the  stabilities  of  metals  aro  given  in  Table  1. 


Legend  for  Table  1: 

A  •  5-p-Mnt  scale;  6  «■  10-poiut  scale;  C  •  stability  group 
D  -  loss  of  mass,  g/(n‘-hr);  E  -  rate  of  corrosion,  mm/yr; 

F  -  very  stable;  G  -  stable;  I!  -  comparatively  stable; 

I  -  slightly  stable;  J  -  unstable;  K  -  completely  stable; 

L  -  decreased  stability. 

The  corrosion  pioccsses  of  noa^atalllc  polyrorie  materials  diffor  from 
thoso  of  natal s  and  their  tcechanisns  h.’.ve  not  yet  been  studied  sufficiently. 
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0,05-0,10 
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8 
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1, 0-5,0 
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J 

5,0-10,0 

10 
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>10,0 

Table  1,  Classification  of  the  stability  of  metals  by  5-  and  10-polnt 
scales. 

Thus,  whereas  the  corrosion  of  totals  occurs  principally  at  the  phase  boundary 
between  the  metal  and  the  medium,  the  swelling  and  dissolving  of  a  polymeric 
material  under  the  influence  of  a  corrosion  medium  extends  to  the  Interior  of 
the  material  and  depends  on  diffusion  processes.  In  the  latter  case,  the 
determining  factors  are  the  nature  of  the  material  and  tho  corrosive  medium 
(concentration,  temperature,  length  of  exposure,  etc.).  The  action  of  chem¬ 
ical  reagents  on  polymeric  materials  may  cause  their  destruction  and  lead  to 
a  loss  of  their  Initial  properties.  Tho  action  of  some  media  (concentrated 
•elds,  strong  oxidizers,  etc.)  causes  rubbers  to  "age"  gradually.  That  Is, 
they  lose  their  elasticity,  harden  and  become  brittle.  On  the  other  hand, 
under  the  influence  of  other  media  thoy  swell,  increasing  in  volume  until 
thoy  dissolve,  and  thalr  strength  characteristics  decrease  sharply.  Soma 
media  extract  the  binding  or  separating  ingredients  from  resin  mixtures. 

This  in  turn  impairs  other  properties  of  tho  resin,  in  particular  its  strength. 
Aggressive  media  may  cause  l«c<j'Jcrs  and  cncnsls  to  lose  tiuir  luster,  bccomo 
brittle,  and  crac' ,  This  ray  veahen  the  adhesion  to  tho  metal  to  tho  point 
where  the  film  of  material  scales  off. 
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The  corrosion  of  materials  of  Inorganic  origin  involves  a  gradual  dis¬ 
integration  under  the  Influence  of  stresses*  These  stresses  are  caused  by 
the  formation  of  new  compounds  of  larger  volume  in  the  pores  of  these  mater¬ 
ials  or  by  the  interaction  of  Individual  components  with  the  medium  (for 
example*  Si02  with  basus). 

Chapter  II 

KONMErALLIC  CORROSION-RESISTANT  MATERIALS 

Nonaetalllc,  chemlcally-stable  materials  have  been  used  widely  In  recent 
years  as  corrosion-  distant  structural  materials  and  protective  coatings*. 
This  makes  it  possible  not  only  to  conserve  non-ferrous  metals,  expensive 
hlgh-alloy  steels  and  alloys,  but  also  to  carry  out  industrial  processes  for 
which  metallic  equipment  is  not  suitable. 

For  example,  at  present  nonmatallic  materials  (mainly  plastics)  are  used 
for  equipment  construction  in  the  USA  and  FRG  (Federal  Republic  of  Germany) 

In  the  amounts  of  21  and  16%,  respectively  (of  the  total  amount  of  structural 
aaterlals  used). 

Along  with  plastics,  there  has  been  a  large  expansion  of  the  use  of 
nonmctallic  materials  based  on  silicates,  which  are  used  to  prepare  glass 
tub'ng  and  onanolcd  and  ceramic  equipment. 

All  the  nonnetalllc  corrosion-resistant  materials  can  be  divided  into 
two  classes:  materials  of  orgcnlc  and  inorganic  origin^*®*. 

The  soloction  of  materials  of  tho  organic  class,  in  contrast  to  tho 
inorganic  class,  is  extremely  large  and  is  growing  continuously. 
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Fig*  12  shows  tho  classification  of  nonmetallic  materials  of  organic 


origin  in  schematic  form* 


Fig.  12.  General  classification  of  nonmetallic  materials  of  organic 
origin. 


Legend  for  Fig.  12: 

A  -  Nonmetallic  materials  of  organic  origin;  B  -  Colored-lacquer 
materials;  C  -  Binding  materials  (cements);  D  -  Materials  based  on 
rubbers;  E  -  Plastics;  F  -  Non-plastic  materials;  G  -  Polymerization; 
H  -  Polycondensation;  I  -  Bituminous-asphaltic;  J  -  Wood  pulp,  treated 
and  untreated;  K  -  Carbon,  treated  and  untreated;  L  •  Graphltoplasts; 

M  •  Graphite,  treated  and  untreated. 


On  the  basis  of  the  varioty  of  materials  and  properties  availablo,  the 
oxtont  of  utilization  and  significance,  plastics  occupy  the  most  importan: 

j  a  86 

position  among  nonrutaillc  corrosion-resistant  materials  *  ' .  These  aro 
materials  which  arc  based  on  natural  rynthetic  compounds  and  which  can  bo 
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molded  with  the  application  of  heat  and  pressure.  They  retain  their  molded 
shape  after  cooling. 

Depending  on  the  method  of  preparation,  plastics  can  be  classified  as 
polymerisation  or  polycondensation  products. 

Plastics  are  subdivided  Into  thermoplastic  and  thermoreactive  groups  on 
the  basis  of  the  type  of  polymeric  compounds.  Thermoplastics  contain  high- 
molecular-  weight  polymers  or  copolymers  of  linear  structure  (polyethylene, 
polystyrene,  polyvinyl  chloride,  etc.).  Their  composition  also  includes 
plasticizers  and  stabilizers.  When  thermoplastics  are  heated,  they  become 
soft  and  plastic;  when  they  are  cooled,  they  return  to  the  solid  elastic 
state  and  regain  their  original  properties.  Thermoreactive  plastics  contain 
low-molecular-weight  polymers.  They  harden  through  the  formation  of  polymers 
vlth  three-dimensional  structures  when  they  aro  heated  or  when  they  are  ex¬ 
posed  to  catalysts  (phenol formaldehyde  and  carbamide  resins)  or  hardeners 
(epoxide  resins,  polysiloxanes,  unsaturated  esters). 

When  the  temperature  Is  increased,  thermoreactive  plastics  also  become 
plastic  at  first.  However,  they  undergo  a  transformation  to  a  viscous  state, 
then  harden,  and  finally  become  Infusible  and  insoluble  (due  to  the  formation 
of  a  reticulated  structure).  They  do  not  return  to  the  plastic  state. 

Thermoroactlvo  plastics  differ  in  the  typo  of  filler  which  Is  used  to 
give  them  specified  rochnnlcr.1  (strength)  and  other  properties* 

1.  Powdered  (vood  flour,  asbestos  powder,  quartz  flour,  etc.). 

2.  Fibrous  (cotton  floss,  asbestos  flbor,  glass  fiber). 

3.  Lamellar  (glass  or  cotton  fabric). 

4.  Plastics  with  glass  filler  (fiber,  fabric)  with  tho  general  designs- 
tlon  "f lberslnss". 
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Polymerization  Plastics 


This  category  includes  plastics  obtained  by  polymerization  end  copoly- 
merization10.  Almost  all  the  plastics  of  this  group  (except  asbovlnyl)  ore 
thermoplastics.  The  characteristics  and  properties  of  polymerization  plas¬ 
tics  are  listed  in  Table  27. 


Legend  for  Table  27: 

A  -  Properties;  B  -  Polyisobutylene  PSG;  C  -  Polyethylene;  D  -  high 
pressure  (low  density);  E  -  low  pressure  (high  density);  F  -  Poly¬ 
propylene;  G  -  Polystyrene;  H  -  block*  I  -  emulsion;  J  -  Polymethyl¬ 
methacrylate:  (organic  gloss);  K  -  Viniplast  (polyvinyl  chloride); 

L  -  Fluoroplasts;  M  -  Asbovlnyl; 

1  -  original  monomers;  2  -  GOST  or  TU  (Translator's  note!  The  symbols 
appearing  in  this  line  and  elsetfhere  throughout  the  book  ore  standards 
and  specifications  of  various  Soviet  agencies);  3  -  TU  MKhP;  4  -  VTU 
MKhP;  5  -  MRTU;  6  -  STU;  7  -  TUN;  8  -  VTU;  9  -  FP;  10  -  density, 
g/cm^;  li  -  specific  resilience,  kgf-cm/cm*;  12  -  does  not  break; 

13  -  not  less  than;  14  -  limit  of  strength,  kgf/cm;  15  -  tension; 

16  -  compression;  17  -  flexure;  18  -  relative  elongation  at  rupture,  %; 
19  -  Brlnell  hardness,  kgf/mra  ;  20  -  by  Shore;  21  -  Martens  thermo¬ 
stability,  ’’C;  22  -  by  Vicats  23  -  frost  resistance,  °C;  24  -  lower 

than;  25  •  softening  temperature,  °C;  26  -  higher  than;  27  -  thermal 

conductivity,  Ax  io\  cal/(cm-scc-deg);  28  -  coefficient  of  linear 
thermal  expansion,  *  x  10^;  29  -  specific  volume  electrical  resistance, 

ohra-cn;  30  -  polymer;  31  -  electric  strength,  volt /mm;  32  .  dielec¬ 
tric  permeability  (at  50  Hertz);  33  -  tangent  of  angle  of  dielectric 
losses  (at  50  Hertz);  34  -  Water  absorption  ir.  24  hr,  %;  35  -  tempera¬ 

ture  limit  of  utilization,  °C, 
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Polvlsobutvleno  is  a  rubber-like  product  with  molecular  weight  from  2000 


to  8Ct000.  It  is  obtained  by  the  continuous  polymerization  of  isobutylene 
with  a  BF3  catalyst  at  temperatures  from  -  80  to  -  100oC  in  the  presence  of 
liquid  ethylene  (refrigerant  and  solvent  for  the  monomer).  Poly isobutylene 
la  resistant  to  moisture  and  weak  acids  and  bases.  It  is  soluble  in  hydro¬ 
carbons  and  carbon  disulfide  and  insoluble  in  lower  alcohols  and  complex 
ethers.  It  is  unstable  to  the  action  of  sunlight  and  ultraviolet  radiation 
in  the  presence  of  atmospheric  oxygen. 

High-molecular-welght  polyisobutylene  is  manufactured  in  four  grades 
(VTU  1655-56):  P-85,  P-118, ,  P-155,  P-200;  low-molecular-weight  polyisobutylone 
is  designated  P-20  (TU  1761-54r).  Grades  P-200  and  P-155  are  used  as  corro¬ 
sion-resistant  material,  filled  with  carbon  black  and  graplilte  and  manufac¬ 
tured,  according  to  TU  2937-52,  in  the  form  of  a  sheet  coating  material,  "PSG 
brand  sheet  polyisobutylene".  Polyisobutylene  coatings  may  be  used  indepen¬ 
dently  for  protection  from  corrosion  or  as  impenetrable  sublayers  for  various 
kinds  of  coatings  (at  temperatures  up  to  100  °C).  The  great  advantages  of  PSG 
polyisobutylene  is  its  good  adhesion  to  metals  (without  annealing)  with  the 
cements  88  or  88N.  Sheet  polyisobutylene  is  well-known  abroad  under  the 
trademark  "opanol". 

Polyethylene*  »  is  a  thermoplastic  polymer  which  is  produced  by  the 
polymerisation  of  ethylene.  The  following  polyethylencs  arc  obtained,  depend¬ 
ing  on  the  conditions:  high-pressure  (PVD),  low-pressuro  (PND)  and  modium- 
prossure  (PSD).  The  difference  in  the  mechanism  of  polymerization  of  ethylene 
under  different  pressures  rosults  in  the  formation  of  polymers  with  dissimilar 
•tructures  and  properties. 


High-pressure  polyethylene  is  distinguished  by  low  density;  the  degr  0 


o 

of  crystallinity  amounts  to  ^65%  and  the  crystal  size  is  190  A,  Low-pressure 
polyethylene  is  characterized  by  high  density;  the  degree  of  crystallinity  is 
84-87 %  and  the  crystal  size  is  360  A.  Medium- pressure  polyethylene  has  in¬ 
creased  density  and  crystallinity,  amounting  to  93%. 

Polyethylene  is  highly  resistant  to  a  variety  of  aggressive  media  (acids, 
bases,  salt  solutions  and  various  organic  liquids).  At  elevated  temperatures 
it  swells  and  even  dissolves  in  benzene,  toluene,  etc.  It  ages  tinder  the 
Influence  of  heat,  ultraviolet  radiation  and  atmospheric  oxygen. 

Several  grades  of  high-pressure  polyethylene  are  manufactured  (according 
to  KRIU  6-05-889-64).  The  designation  "P2"  indicates  that  the  material  in 
question  is  low-density  polyethylene  (0,92  g/cn  nominally).  The  three  num¬ 
bers  following  are  ten  times  the  Index  of  fusion  and  the  terminal  letter 
stands  for  the  primary  field  of  application.  For  example,  P2030-K  is  low- 
density  polyethylene  (PVD)  which  has  index  of  fusion  3.0  g/10  min  and  which 
is  designed  for  insulating  conductors  and  general-purpose  cables. 

Lou-prcssure  (l,  e.,  high-density)  polyethylene  is  manufactured  accord¬ 
ing  to  KRTU  6-05-890-64  with  the  following  designations,  depending  on  the 
subsequent  method  of  fabrication:  L  -  for  casting  under  pressure;  P  - 
compression  molding;  E  -  extrusion;  V  -  blowing;  N  -  dusting  and  fusing  on 
of  protective  coatings.  These  letters  follow  the  numbers  showing  ten  times 
the  index  of  fusion.  The  ln.Llal  designation  " P4"  stands  for  hlgh-dcnsity 
polyethylene  (0.94  g/cm^). 

The  characteristics  of  high-  and  low-pressure  polyethylene  aro  shown  In 
Tabic  27.  Polycthylcnes  have  very  good  engineering  properties,  and  they  may 
be  used  to  fabricate  items  by  casting,  extrusion  and  compression  molding. 

Thoy  can  bo  machined  and  they  can  bo  cemented  end  welded  readily. 
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The  combination  of  ease  of  processing  and  high  chemical  stability  makes 
possible  the  widespread  use  of  polyethylene  in  many  branches  of  technology. 
In  the  chemical  industry  this  includes  applications  as  a  structural  material 
and  also  for  the  preparation  of  protective  coatings. 

Polyethylene  is  manufactured  by  many  foreign  companies  under  various 
trade  names.  The  nantos  of  several  brands  produced  in  various  countries  are 
listed  below: 


England  ,  .  , 

alcotena,  polytene,  telcotene 

FAG . 

lupolene,  hostalcnc,  vcstolene 

Italy  .  ,  .  • 

fertene,  rotene 

France  ,  •  • 

p’astilene,  llonitene 

USA  •  •  •  •  • 

mar lex,  al atone 

The  selection  and  purpose  of  finished  and  semifinished  polyethylene  items 
manufactured  by  domestic  industries  are  shown  in  Table  28. 

Legend  for  Table  28: 

I  -  cable  polyethylene  (high  pressure);  2  -  for  insulating  conductors, 
cables,  radio  apparatus;  3  •  packing  material  (composition  of  polyethyl¬ 
ene  with  poly Isobutylene);  4  -  chemically  stable  packing  and  seals; 

3  -  polyethylene  films;  6  -  electrically  insulating  packing  and  wrapping 
material;  7  •  hoses  and  tapes;  8  -  polyethylene  tape  with  adhesive 
layer;  9  -  for  fastening  polyethylene  films;  10  -  shoots  and  plates; 

II  -  electrically  Insulating  materials;  12  -  polyethylene  pressure  tub¬ 
ing  (hlgh-prossuro  polyethylene);  13  -  for  transporting  aggressive 
liquids;  14  -  sano  (low-pressure  polyethylene);  15  -  eano;  16  -  fit¬ 
tings  for  plpos  (hlgh-prossur©  polyethylene);  17  -  same  (low-pressure 
polyethylene);  18  »  bottles,  vials,  flask:,  and  oth'r  containers; 
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19  -  for  storing  and  transporting  aggressive  liquids 
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Table  28.  Selection  of  finished  and  semifinished  polyethylene  items  and 
their  purposes, 

Polypropylene,  like  polyethylene,  is  a  thermoplastic  polymer.  It  is  a 
product  of  the  polymerization  of  propylene.  Polypropylene  is  characterized 
by  a  high  degree  of  crystallinity  (95/')  and  a  higher  melting  point  than 
polyethylene  (l60-i70*C).  It  has  distinct  advantages  over  polyethylonoj 
higher  strength,  thermal  stability,  impermeability  to  gar.  and  vapor,  resistance 
to  oxidation  and  the  action  of  aggressive  media,  However,  polypropylene  has 
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an  appreciably  lower  frost  resistance  than  polyethylene.  In  order  to  increase 
its  frost  resistance,  polypropylene  is  modified  by  using  other  olefins.  For 
example,  a  copolymer  of  ethylene  and  propylene  (SEP)  has  the  same  frost  resis¬ 
tance  as  polyethylene. 

The  methods  used  to  process  polypropylene  and  polyethylene  are  analogous, 
but  polypropylene  is  somewhat  harder  to  cement  than  polyethylene.  Polypropyl¬ 
ene  may  be  used  to  make  tub’ng,  parts  of  electrical  and  mechanical  equipment, 
molded  and  cast  items,  and  textiles.  It  can  also  be  used  to  make  industrial 
films  and  fibers  which  are  very  impermeable  to  gases.  Polypropylene  is  pro¬ 
duced  as  a  white  powder,  suitable  for  processing,  and  in  granular  form 
(colored  and  uncolored;  under  five  brands!  PP-l  -  for  processing  by  casting 
under  pressure;  PP-2  and  FP-4  -  for  processing  by  the  method  of  extrusion; 
PP-3  and  PP-5  -  for  compression  molding. 

As  production  volumes  increase,  polypropylene  will  undoubtedly  be  used 
more  and  more  in  anticorrosion  technology.  It  is  most  well  known  abroad 
under  the  name  ‘'moplene". 

Polystyrene  Is  a  thermoplastic  polymer  which  is  produced  by  polymerizing 
styrene.  Polystyrenes  cun  be  classified  as  block,  suspension  or  emulsion, 
depending  or.  the  method  of  polymerisation.  It  has  high  chemical  stability 
and  excellent  dielectric  properties,  but  it  has  inadequate  thermal  stability 
and  increased  brittleness  under  the  influence  of  impact  loads.  Block  and 
suspension  polystyrenes  are  readily  processed  by  the  Methods  of  compression 
molding,  pressure  casting  and  extrusion.  Emulsion  polystyrene  cannot  be  cast 
under  pressure  very  successfully,  so  it  is  most  often  used  for  making  foam 
articles  and  j.i  keting  blocks.  When  styrene  is  copolymer l zed  with  other 
monomer;-  (for  example,  acrylonitrile, -methyl  styrene,  etc.),  the  thermal 
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and  mechanical  properties  of  the  polymer  are  improved  appreciably.  The  plas- 
tics  designated  SN,  SiN-28  and  SN-20,  obtained  by  copolymerizing  styrene  with 
acrylonitrile,  belong  to  this  category.  Combining  the  copolymer  SN-20  with 
the  nitrile  rubbers  SKN-26  and  SKN-40  yields  the  plastic  SN-P  (stable),  which 
has  improved  mechanical  properties.  Combining  polystyrene  with  SKN-18  rubber 
gives  a  casting  composition  designated  PKND  and  shock-resistant  polystyrene 
for  processing  by  extrusion  and  pressure  casting. 

The  selection  and  uses  of  polystyrene  and  its  copolymers  are  given  in 
Table  29.  Polystyrene  and  Its  copolymers  are  marketed  in  other  countries 
under  the  following  names:  "styron'1,  •'dylon",  "karinex",  "kralastic*', 
"cycolac",  etc. 


Legend  for  Table  29: 

I  -  Block  polystyrene  (brands  D  and  T);  2  -  Polystyrene  D,  for  making 

parts  for  electrical  equipment;  polystyrene  T,  for  various  industrial 
products;  3  -  Block  polystyrene  (rolled);  4  -  For  making  electrically- 
insulating  items  by  compression  molding  and  pressure  casting;  5  -  Block- 
polystyrene  plates;  6  -  For  mechanical  fabrication  of  components  of 
high-frequency  apparatus;  7  .  Emulsion  polystyrene  (brands  A  and  B); 

8  -  For  electrically-insulating  Industrial  items  and  for  general  use; 
oolystyrenc  S,  for  making  anticorrosion  and  tropic-stable  items; 

9  -  Emulsion  polystyrene  (brand  C);  10  -  For  making  plastic  foams; 

II  -  Granular  emulsion  polystyrene;  12  -  For  making  industrial  and 
household  items;  13  -  Polystyrene  film;  14  -  For  cable  manufacture; 

15  -  Styrene  copolymers;  16  -  For  items  with  increased  mechanical 
strength  and  resistance  to  petroleum  ether,  oils  and  sea  water: 

17  •  Casting  compositions  of  brands  PKM),  PF.Mi-5,  PKND-10;  IS  -  For 


items  with  Increased  mechanical  strength  and  dielectric  properties; 


19  -  Shock-resistant  polystyrene  of 
the  fabrication  of  industrial  items 


brands  UPP-1  and  UPP-2;  20  -  For 
by  extrusion  and  pressure  casting. 
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Table  29.  Selection  and  purposes  of  polystyrene  end  its  copolymers. 
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Polymethylmethacrylate  (organic  glass)  Is  a  thermoplastic  polymer  which 
is  produced  by  polymerizing  the  methyl  ester  of  methacrylic  acid.  It  is  man¬ 
ufactured  in  the  form  of  sheet  glass  (TU  Ki'hP  BU  23-53  and  No.  26-54)  and 
compression-molding  powder  of  brands  L-l  and  L-2  (TU  35-KhP-299-61 ) ,  Poly¬ 
methylmethacrylate  is  characterized  by  high  transparency  and  mechanical 
strength,  low  density,  and  resistance  to  gasoline,  oils  and  water.  Organic 
glass  is  used  widely  for  making  windows  for  aircraft  and  automobiles,  for  the 
preparation  of  transparent  models  of  experimental  apparatus,  for  medical 
devices  and  instruments,  watch  crystals,  etc. 

Compression-molding  polymethylmethacrylate  povjders  are  used  to  make 
transparent  items  with  increased  stability  (to  oils,  gasoline,  alcohol,  bases 
and  other  chemical  reagents).  Examples  are  inspection  and  gage  glasses  and 
other  parts  of  control  and  measuring  devices. 

Polymethylmethacrylate  is  known  abroad  under  the  names  "plexiglass"  (USA, 
FRG,  GPrt,  France),  "perspex"  (England)  and  others. 

In  addition  to  the  polymerization  plastics  already  considered,  there  is 
a  special  group  which  is  made  up  of  products  of  the  polymerization  of  halogen 
derivatives  of  ethylene.  The  simplest  and  most  widely  used  representative  of 
this  group  is  polyvinyl  chloride. 

Polyvinyl  chloride  is  a  thermoplastic  polymer  which  Is  obtained  by  the 
polymerization  of  vinyl  chloride;  that  is,  ethylene  in  which  one  of  the 
hydrogen  atoms  is  replaced  by  chlorine. 

If  polyvinyl  chloride  powder  Is  combined  with  a  stabilizer  and  masti¬ 
cated  therromechnnlcally  with  heated  rollers,  the  result  is  a  widely  known 
solid  material  known  as  "vlniplnst".  Combining  polyvinyl  chloride  with  a 
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plasticizer  yields  soft  polyvinyl  chloride  masticated  rubber. 

Vinlplast  combines  high  stability  in  many  aggressive  media  (acids,  bases, 
salt  solutions,  several  organic  solvents)  with  good  physical-mechanical  and 
dielectric  properties. 

In  this  connection,  vinlplast  is  widely  used  as  a  construction  material 
for  making  tubing,  valves  and  couplers,  small  apparatus,  tanks,  etc.,  and 
also  for  protective  coatings. 

The  vie  of  vinlplast  is  limited  somewhat  because  of  its  low  thermal 
stability  (60-7Q°C)  and  insufficient  frost  resistance  (from  -  10  to  -  20cC). 

Vinlplast  has  good  engineering  properties:  it  is  readily  welded,  cement¬ 
ed,  molded,  pressed,  stamped,  and  adapts  well  to  various  kinds  of  mechanical 
processing  (cutting,  milling,  boring,  etc.). 

One  of  the  well  known  copolymers  of  vinyl  chloride  is  polyvinylidonc 
chloride  ("saran"),  which  contains  >757.  vinyl idene  chloride.  Its  physical- 
mechanical  properties  and  chemical  stability  are  superior  to  those  of  vlnl  • 
plast.  Saran  is  used  for  linings  and  for  making  corrosion-resistant  tubing, 
fittings,  and  single  fibers. 

Table  30  shows  the  variety  of  items  and  purposes  of  semifinished  products 
produced  from  vinlplast  by  domestic  industries. 

Legend  for  Table  30: 

1  -  Sheets  of  brands  VN,  VP,  VNT;  2  -  for  blower  hoses,  apparatus,  lin¬ 
ings;  3  -  Tubing,  rods  and  section-shaped  bars;  4  -  For  piping  systems, 

pumps  and  fittings  used  in  aggressive  media;  5  -  Flexible  tubing  (hoses) 

6  -  for  transporting  air,  oil,  gas,  vrater;  7  -  Welding  rods;  8  -  lor 
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filling  searns  when  welding  viniplast  items}  9  -  Fittings;  10  -  For 
drains,  bends,  tees,  cross-conncctors ,  compensators;  11  -  Straight- 
through  valves  of  the  "Kosva”  typo;  12  -  For  valves  in  piping  systems 
for  aggressive  media;  13  -  Apparatus  and  components;  14  -  For  tanks, 
vats,  spiral  tubes,  reactors,  motoring  tanlr.,  gas  ducts;  15  -  Sheet 
masticated  rubber;  16  -  For  protective  coatings  and  packing; 

17  -  Packing  sheet  masticated  rubber;  18  -  Packing  used  for  a? gressive 
media;  19  -  Cable  masticated  rubber;  20  -  For  electrical  insulation 
and  sheathing  for  electrical  cable;  21  -  Sheet  masticated  rubber  for 
gas  apparatus;  22  -  Packing  for  gas  apparatus;  23  -  Calendered  vini¬ 
plast  film;  24  -  For  electrical  Insulation  and  other  wldely-used  items; 
25  -  Perforated  and  corrugated;  26  -  For  electrical  insulation; 

27  -  Packing  film  V-113;  28  -  Covers  for  protecting  machinery; 

29  -  Film  masticated  rubber;  30  -  For  diaphragms,  membranes  and  other 
parts  of  gas  apparatus;  3l  -  Polyvinyl  chloride  insulating  tape; 

PKhL-20,  PKhL-30,  PKhL-40,  PKhL-50;  32  -  For  repair  and  splicing  of 
insulation  on  conductors  and  cable  sheaths;  for  protection  of  underground 
conduits;  33  -  Polyvinyl  chloride  adhesive  tape;  34  -  For  protection 
of  petroleum- gas  mains. 


Viniplast  is  known  abroad  chiefly  under  the  names  ’’vinldur",  "ekadur" 
and  "IVC". 

Fluoroplasts^*^*!^  arc  products  of  the  polymerization  of  fluorine 
derivatives  of  ethylene:  trlf iuorochloroethylene  (f luoroplost-3)  and  tetra- 
fluoroethyleno  (f luoroplast-4) ,  They  arc  distinguished  by  very  high  chemical 
stability  over  a  wide  range  of  operating  temperatures:  from  -  195  to  +  125  — 
170 ’c  for  f luoroplast-3  and  from  -  270  to  +  260  -  300  C  for  fl uoroplasl -4 . 
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In  terns  of  its  chemical  stability,  f luoroplast-4  is  superior  not  only 
to  oil  known  plastics,  but  also  to  most  nc-tals.  It  is  attacked  only  by  molten 
alkali  metals  and  elemental  fluorine  and  it  dissolves  only  in  fluorinated  kero¬ 
sene, 

Fluoroplast-3  Is  somewhat  less  stable.  In  addition  to  the  reagents 
mentioned  above,  aromatic  and  soma  fluorine-containing  hydrocarbons  also  act 
on  it. 


However,  f luoroplast-4  has  the  disadvantage  that  it  is  hard  to  work  with. 
Fluoroplast  items  are  fabricated  by  compression  molding  in  two  stages;  first 
it  is  subjected  to  high  pressure  (300-400  kgf/cm  )  at  room  temperature,  and 
then  it  is  baked  at  370-380 °C. 

The  chemical  inertness  of  f luoroplast-4  is  also  responsible  for  its  poor 
adhesive  properties.  For  this  reason  it  cannot  be  cemented  or  welded  by  the 
methods  normally  used  for  plastics.  In  recent  years  they  have  begun  to  use 
welding  In  the  fabrication  of  items  of  f luoroplast-4,  but,  practically 
speaking,  it  amounts  to  baking  fluoroplast  films  and  semifinished  products 
at  high  temperatures  (3S0-390  C).  The  pieces  being  welded  arc  heated  by 
means  of  metal  plates  which  are  supplied  with  electric  current. 

The  technique  of  flux  voiding  has  also  been  worked  out  for  fluoroplast, 

making  it  possible  to  obtain  ft  welded  seam  which  is  almost  as  strong  as  the 

original  material.  The  flux  used  is  a  fluorocarbon  material  (so-called  UPI 

grease)  to  which  fluoroplast  powder  is  added.  The  welding  is  done  at  370°C 

2 

under  a  pressure  of  3  kgf/cm  , 

It  is  even  more  difficult  to  cement  f luoroplast-4^.  First  the  surface 
is  activated  with,  for  example,  a  solution  of  metallic  so >1  uni  in  liquid 


-57- 


ammonia16,  and  then  the  treated  f luoroplast-4  surfaces  are  cemented  together 
or  to  other  materials  with  ordinary  cements.  Other  chemicals  have  also  been 
proposed  for  treating  f luoroplast-4  before  cementing;  for  example,  a  melt  of 
pure  potassium  acetate  (recommended  by  A.  Y a.  Korolev,  et.  al.^),  heated  to 
~  325°C. 

In  order  to  improve  the  industrial  methods  of  forming  f iuoroplast-4  and 
thus  widen  the  range  of  utility  of  this  material  with  its  unusually  high 
corrosion  resistance,  various  methods  have  been  proposed  for  modifying  poly- 
tetraf luoroethylene. 

The  modified  f luoroplast-4D  is  an  aqueous  suspension  of  finely  divided 
f luoroplast-4  powder.  It  differs  from  ordinary  polytetraf luoroethylene  in 
the  form  of  the  particles  and  the  somewhat  lower  molecular  weight1  ,  Aqueous 
suspensions  of  fluoroplast-4D,  stabilized  by  surface-active  materials,  are 
used  for  the  application  of  coatings  and  for  the  preparation  of  films,  im¬ 
pregnations,  etc.  A  paste  can  be  obtained  from  the  aqueous  suspension  by 
precipitating  the  powder  and  adding  benzine,  vaseline  oil,  xylene  and  toluene. 
This  paste  can  then  be  used  for  fabrication  by  the  extrusion  method,  the 
items  thus  formed  being  subsequently  baked  at  370cC.  This  method  is  used  to 
make  tubing  and  other  items  with  more  complicated  cross  sections.  The  same 
paste  may  be  used  for  chemically  and  thermally  stable  gaskets  and  packing. 

The  fluoroplast  sealing  materials  FUM  (KKTU  6-MR70-62)  and  packing  (VTI  110- 
62)  aro  widely  used  for  joints,  valves  end  other  structural  units  which 

operate  under  conditions  of  friction,  vibrations,  high  temperatures  and 

19 

aggressive  media  . 

Fluoroplast-40  and  f luoroplast-42  are  also  modified  f luoroplacts ,  They 
can  be  formed  by  compression  molding,  extrusion  and  pressure-casting  and  they 
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can  be  welded  by  heating.  They  are  manufactured  in  the  form  of  'White  powder 

and  may  be  used  for  the  corrosion  protection  of  chemical  apparatus,  piping, 

20  21 

fittings  and  other  items  which  operate  in  very  aggressive  r.odiatw»£*' , 

The  fluorine-containing  polymer  f luoroplast-26,  soluble  in  organic  sol¬ 
vents  but  chemically  stable,  was  developed  to  make  films,  plastic  objects  and 
lacque;*  coatings. 

Unlike  polytetraf luoroethyicr.e  (fluoroplast-4) ,  polytrif luoroethylene 
(f iuoroplast-3)  has  good  engineering  properties  and  can  be  formed  by  compres¬ 
sion  molding,  pressure-casting  and  extrusion,  although  at  relatively  high 
temperatures  (200-220°C  and  higher). 

The  thermal  stability  of  f luoroplast-3  is  not  very  high  (I00-120"C) . 

With  modified  f luoroplast-3M  the  useful  temperature  range  is  extended  to 
150-170oC22*23. 

Fluoroplast-3  is  supplied  to  factories  in  the  form  of  powder  or  semi¬ 
finished  products.  It  is  used  chiefly  to  make  electrical  accessories,  pack¬ 
ing,  membranes,  etc.,  but  It  is  also  used  for  protective  coatings  for  chemical 
apparatus.  The  selection  of  compression-molded  and  semifinished  fluoroplast 
materials  produced  by  domestic  Industries  is  shown  in  Table  31. 


Legend  for  Table  31 ; 

1  -  Fluoroplnst-4  (brands  A,  B  and  V);  2  -  For  articles  and  films  which 

aro  stable  in  aggressive  media  and  have  good  dielectric  properties; 

3  -  Fluoronlast-AD;  4  -  In  the  form  of  pastes  and  dispersions  for  making 
tubing  by  extrusion  and  for  Insulating  and  other  coatings  for  shaped 
objects;  5  -  Fluoroplast«4C  (brands  II  and  III);  6  -  As  chemically 
stable  packing  material  and  dielectric.  For  i.'king  structural  items  by 
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ials. 
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compression-molding  (II)  and  e  trusion  (III);  7  -  Fiuoroplast-42  (brands 
V,  P  and  L);  8  -  For  making  compression-molded  and  extruded  items  (P), 

fibers  (V)  and  lacquer  coatings  (L),  stable  in  aggressive  media; 

9  -  Semifinished  products  of  f luoroplast-4;  10  -  For  mechanical  fabrica¬ 
tion  of  electrically  insulating,  antifriction,  sealing  and  chemically 
stable  elements  of  structures  and  components;  11  -  Intermediate  products 
of  waste  f luoroplast-4;  12  -  For  mechanical  fabrication  of  packing  and 
antifriction  items;  13  -  Sheets  of  fluoroplnst-4;  14  -  For  gaskets  and 
diaphragms;  15  -  Fluoroplast-4  tubing;  16  -  For  transporting  aggressive 
liquids  and  gases;  17  -  Fluoroplast-3;  18  -  In  the  form  of  suspensions 
for  anticorrosion  coatings  and  for  making  plastic  articles;  19  -  Fluoro- 
plast-3K  (brands  A  and  B);  20  -  As  protective  coatings  and  for  making 
films  and  plastic  articles;  21  -  Intermediate  products  of  f luoroplast-3M 

22  -  For  mechanical  fabrication  of  packing  and  structural  Items; 

23  -  Articles  of  f luoroplast«3;  24  -  As  packing  elements  of  structures; 
25  -  Fluoroplast-26;  26  -  For  making  films,  lacquer  coatings  and  plastic 
articles;  27  -  Fluoroplast  packing  material  (FUM);  28  -  For  making 
chemically  and  thornally  stable,  self-lubricating  stuffing  and  packing 
materials . 


Many  foreign  companies  produce  fluoroplasts  under  various  names; 
"teflon",  "fluon",  "hostaf lor.",  "f luorof lex",  "fluoroplast"  and  others, 

Asbovinvl  is  a  plastic  obtained  from  a  mixture  of  othinol  lacquer  and 
pulverized  asbestos.  In  spite  of  the  fact  that  it  is  made  by  polymerising 
dlvlnylacetylcno  and  the  tetrnmer  of  acetylene,  nsbovir.yl  is  a  tharmoroactlve 
plastic,  since  it  transforms  Into  an  infusible  and  insoluble  state  during  the 
setting  process. 
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Asbovinyl  Is  prepared  before  using  by  mixing  dlvlnylacetylenc  lacquer 
(ethlnol  lacquer)  with  asbestos  fiber  and  hardening  gradually  (for  10-30  days 
In  air  without  heating  or  for  2-15  days  with  heating,  depending  on  the  temp¬ 
erature).  It  can  be  machined  easlly^*^*^, 

Asbovinyl  Is  used  for  protective  coatings  and  for  making  sheets,  plates, 
tubing,  fittings  and  other  articles4^  which  operate  In  aggressive  media: 
dilute  bases,  salt  solutions,  non-oxidizing  Inorganic  and  organic  acids,  dry 
and  wet  gases,  fresh  and  salt  water.  It  can  be  used  to  protect  not  only 
metals,  but  also  wood  and  concrete. 

Recently  there  has  been  Increasing  interest  in  new  chemlcatly-stable 
thermoplastic  materials:  polycarbonates .  which  are  products  of  the  reaction 
of  diphenols  (for  example,  diphenylol  propane)  with  esters  of  carbonic  acid 
or  phosgene;  polyforraldehyde.  produced  by  polymerizing  f ormaldehyde;  and 
pentopl as c.  a  sinple  chlorinated  polyester  (polypentaerythritol) .  These 
materials  form  a  special  group  which,  In  many  respects,  destroys  the  existing 
notions  about  thermoplastics.  They  have  a  number  of  valuable  properties 
which  make  them  very  suitable  for  making  various  Items  which  previously  were 
made  of  aluminum,  copper,  bronze,  brass,  stainless  steel  and  other  expensive 
metals  and  alloys  *  , 

The  physical  and  mechanical  properties  of  polycarbonates,  poly formalde¬ 
hyde  and  pcntonla.it  are  listed  In  Tabic  32  and  data  on  their  chemical  stabil¬ 
ities  are  given  In  Chapter  !II, 


Legend  for  Table  32: 

1  -  tensity,  g/cn' ;  2  -  Specific  resilience,  kgf-en/cm  »  3  -  Compres- 

2 

■  Ion  molded;  4  -  Limit  of  strength,  k;;f/c  i  ;  5  -  under  tension; 
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Table  32.  Physical  and  mechanical  properties  of  polycarbonates,  polyformal- 
dehyde  and  pcntoplast. 

6  -  under  compression;  7  -  In  flexure;  E  -  Relative  elongation  at  rupt- 
ure,  %;  9  -  Brlnell  hardness,  kgf/mm  ;  10  -  Martens  thermal  stability, 
*C;  11  -  by  Vlcat;  12  -  Frost  resistance,  ;  13  -  Melting  point,  ’’C; 
14  -  Thermal  conductivity,  keal/n-hr-deg;  15  *  Coefficient  of  linear 
thermal  expansion;  16  -  Specific  volume  electrical  resistance,  olvn-cin; 

17  -  Electric  strength,  v/r.'i;  1R  -  Dielectric  r~ri inability  (at  10® 
horlz);  19  -  Tangent  of  angle  of  dielectric  loss  (at  10®  hertt); 

20  -  Water  absorption  In  2-'»  hrs,  %;  21  -  According  to  foreign  data 


OO  OQ 

Polycarbonates  »»  are  thermoplastic  polymers,  polyesters  of  carbonic 
acid,  obtained  by  polycondensation  of  esters  of  carbonic  acid  with  bivalent 
phenols. 

Polycarbonates  differ  favorably  from  other  thermoplastic  polymers  in 
their  increased  strength  under  impact  loading  and  the  stability  of  their 
properties  and  dimensions  in  a  wide  range  of  temperatures  from  minus  100-135  °C 
to  plus  nS-lAO^C.  They  are  resistant  to  oxidation  and  to  attack  by  gasoline 
(with  the  exception  of  the  lightest),  various  inorganic,  animal  and  vegetable 
oils,  aliphatic  hydrocarbons,  alcohols,  dilute  and  fairly  concentrated  (hydro¬ 
fluoric,  nitric;  inorganic  and  organic  acids,  and  oxidizing  and  reducing 

media.  They  are  less  resistant  to  weak  bases,  aminos,  ammonia,  chlorinated 

90 

hydrocarbons,  pyridine  bases  and  dloxanes  , 

Along  with  their  high  specific  resilience,  these  materials  are  inherently 
flexible,  so  that  they  retain  some  elasticity  even  at  temperatures  as  low  as 
-  190°C. 

The  mechanical  properties  of  polycarbonates  are  maintained  in  air  for  26 
weeks  at  150°C,  for  0  weeks  at  170°C  and  for  4  weeks  in  boiling  water.  Under 
normal  conditions  they  absorb  0,3-0.352  moisture  at  room  temperature  and  not 
more  than  0,58/C  in  boiling  water  vapor,  independently  of  the  time  of  exposure. 
This  Is  readily  visible  in  Figure  13, 

Polycarbonates  havo  high  dielectric  properties  which  are  constant  over  a 
wide  range  of  temperatures.  They  can  be  formed  with  standard  equipment  by 
tho  methods  no  lly  used  for  thermoplastics:  extrusion  and  press  re-casting. 
Polycarbonate  films  and  other  products  can  be  welded  readily  by  heating  or 
with  hot  air  and  can  be  glued  together  with  cements  or  appropriate  solvents. 
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Fig.  13,  Stability  of  polycarbonates  in  water: 

1  -  boiling;  2  -  under  normal  conditions;  3  -  under  conditions  of  50% 

relative  humidity. 

Polycarbonates  can  be  used  in  anticorrosion  technology  as  protective 
coatings,  deposited  on  metallic  objects  from  solutions  or  by  dusting  with 
powder.  They  can  also  be  used  as  structural  materials  for  making  various 
containers,  tubing,  pumps,  blower  components,  stopcocks,  fans  and  other  equip¬ 
ment  which  is  in  contact  with  aggressive  media. 

The  polymer  is  characterized  by  high  transparency,  so  that  it  can  be 
used  os  a  high-strength  organic  glass;  moreover,  it  can  be  dyed  readily  in 
any  color. 

O  Q 

M,  S,  Akutin,  V,  N,  Kotrelev,  rt_ ,  a_l.  have  made  glass  plastics  based 
on  polycarbonates  and  glass  fabric,  having  higher  mechanical  strength  than 
ordinary  glass  textolites  (ST,  STU,  STK-41), 

Polycarbonate  (dlflon)  is  manufactured  by  domestic  industry  in  the  form 
of  powder  or  granules  (TU  P-262-63). 

Polycarbonates  ore  produced  abroad  under  the  following  tradenames: 
lexan  and  merlon  (USA),  makrolon  (FKO). 
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Polyformaldehyde  »  *  *  is  a  thermoplastic  polymer  which  Is  produced 

by  polymerizing  formaldehyde.  It  has  a  linear  structure  and  consists  of 
branched  polyoxymethylene  chains  (.  .  -OCH2-OCH2-  •  .)  of  great  length. 

It  Is  characterized  by  a  high  degree  of  crystallinity  (about  75%), 
rigidity,  high  mechanical  and  Impact  strength,  elasticity,  good  modulus  of 
elasticity,  high  thermal  stability  and  resistance  to  solvents. 

In  practice,  polyformaldehyde  retains  its  mechanical  properties  in  the 
temperature  Interval  from  -  40  to  +  120  “’c.  At  these  temperatures,  even  with 
a  loading  of  175  kgf/cra^,  the  coefficient  of  friction  of  polyformaldehyde  on 
steel  (0.1-0, 3)  does  not  change,  so  that  it  can  be  used  as  an  intlfrlction 
material . 

The  excellent  physico-mechanical  properties  of  polyformaldehyde  are  com¬ 
bined  with  good  dielectric  properties,  which  gives  it  great  value  as  an  elect¬ 
rically  Insulating  material.  According  to  available  information,  the  physical 
and  dielectric  properties  of  polyformaldehyde  remain  constant  when  it  is  used 
under  conditions  of  prolonged  heating  at  85 °C  and  periodically  to  120 °C,  even 
In  the  presence  of  an  appreciable  amount  of  moisture  or  after  direct  contact 
with  water.  The  rather  high  melting  point  of  polyformaldehyde  (180  °C),  along 
with  its  high  degree  of  crystallinity  and  better  creep-resistance  than  other 
plastics,  especially  at  elevated  temperatures ,  arc  responsible  for  the  high 
dimensional  stability  of  objects  made  of  polyformaldehyde. 

Figure  14  shows  the  dependence  of  the  elongation  of  polyformaldehyde  on 
the  duration  of  application  of  a  constant  load  at  25 °C. 

The  wear-resistance  of  polyfori'sidohyde  is  higher  than  other  polymeric 
materials,  although  not  ns  good  as  the  polyamides.  Thus,  for  example,  in 
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Fig.  14.  Dependence  of  the  elongation  of  poly formaldehyde  on  the  duration  of 
application  of  a  constant  load  at  25  °C  (in  kgf/cm*): 

1  -  350;  2  -  434;  3  -  455;  4  -  490. 

abrasion  tests  using  a  ball  mill,  the  relative  loss  of  mass  (in  g)  of  poly- 
formaldehyde  and  other  materials  amounted  to: 


Material 

Polyamides  .  .  . 
Poly formaldehyde 
Polystyrene  •  . 
Hard  rubber  *  . 
Steel  . 


Loss  of  mass,  g 

1 

4-6 

15-20 

«• 

10 

15-20 


Poly formaldehyde  is  characterised  by  increased  resistance  (compared,  for 
example,  with  polyethylene)  to  the  action  of  organic  solvents:  alcohols, 
esters,  and  especially  aromatic,  aliphatic  and  halogen-containing  hydrocar¬ 
bons,  However,  It  decomposes  in  concentrated  inorganic  acids  and  bases  and 
is  less  resistant  to  water  than  polyethylene.  For  more  detailed  information 
on  the  chemical  stability  of  polyfcrmaldchyde,  see  Chapter  III. 

Polyforr, ’aldehyde  can  be  formed  easily  with  standard  equipment  by  the 
ordinary  methods:  casting,  extrusion  and  compression-! lolding.  It  can  be 
welded  and  cemented  easily. 
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The  extrusion  method  can  bo  used  to  form  poly formaldehyde  into  various 
items  of  fixed  cross  section:  bars,  hoses,  rods,  tubing.  It  can  also  be 
used  as  a  structural  material  for  making  gears,  bearings  of  sliding  collars, 
fittings  and  other  items.  Polyfornaldohyda  film  is  very  strong  and  with¬ 
stands  protracted  loading.  It  is  also  resistant  to  ordinary  solvents.  Poly¬ 
formaldehyde  with  added  stabilizers  is  produced  in  the  form  of  a  powder  or 
granules  of  two  brands:  A  -  casting,  B  -  extrusion,  of  various  designations 
(STU  36-13-8—64). 

Polyformaldehyde  is  manufactured  abroad  by  the  Dupont  company  under 
the  name  '•delrin” , 
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Pentoplast  •  *  *  J  is  a  thermoplastic  polyester,  chlorinated  polypenta- 
erythrltol.  It  Is  a  crystalline  polymer  and  the  chloromethyl  group  is  bound 
to  a  carbon  atom  of  the  primary  chain  of  the  polymer.  Pentoplast  contains  up 
to  467.  chlorine.  In  contrast  to  polyvinyl  chloride  and  perchlorovinyl,  it 
does  not  evolve  hydrogen  chloride  when  it  is  heated  to  285  °C,  and  this  guar¬ 
antees  good  chemical  stability  of  the  material, 

Pentoplast  is  resistant  to  most  organic  solvents,  weak  and  strong  bases, 
and  weak  and  fairly  strong  acids.  It  Is  affected  only  by  strongly  oxidizing 
acids,  such  as  nitric  and  fuming  sulfuric. 

Under  the  influence  of  aggressive  media,  the.  mechanical  properties  of 
pentoplast  change  to  an  appreciably  s'  oiler  degree  than  do  those  of  fluoro- 
plast-3.  Pentoplast  Is  more  resistant  then  polypropylene  to  concentrated 
inorganic  acids  (30/  chromic  and  60/.  sulfuric),  organic  acids  (757  acetic) 
and  especially  organic  solvents:  ketones,  chlorine-containing  hydrocarbons 
and  aromatic  hydrocarbons.  This  increased  chemical  stability  of  pentoplast 
Is  due  to  Its  structure  --  the  strength  of  the  bonds  between  the  chloromethyl 


groups  and  the  carbon  atoms  of  the  primary  chain  and  the  compactness  of  its 
crystal  structure.  The  fortunate  combination  of  physico-mechanical  properties 
with  increased  chemical  stability  distinguishes  pentoplast  favorably  from 
other  thermoplastic  materials.  Pentoplast  also  maintains  its  valuable  com¬ 
bination  of  mechanical  characteristics  and  dimensional  stability  at  elevated 
temperatures.  Its  thermal  stability  is  greater  than  ordinnx-y  thermoplastics 
--  even  f luoroplast-3,  to  which  it  is  comparable  in  chemical  stability.  Thus 
the  diameter  of  a  specimen  of  pentoplast  which  is  held  at  40°C  for  24  hours 
changes  by  approximately  0.05  mm,  and  at  80 JC  it  changes  by  0,06  mm.  Under 
the  same  conditions,  the  diameter  of  a  specimen  of  f luoroplast-3  changes  by 
0,53  and  0.57  mm,  respectively;  that  is,  10  times  as  much.  In  practice, 
pentoplast  can  be  used  at  120-125"C  and,  In  the  opinion  of  some  investigators, 
at  temperatures  up  to  150°C. 

On  the  basis  of  its  dielectric  properties,  pentoplast  occupies  an  inter¬ 
mediate  posit:l  on  between  polyethylene  or  polystyrene  (with  small  coeffic¬ 
ients  of  dielectric  loss)  and  polyamides. 

Pentoplast  has  good  engineering  properties:  it  is  easily  welded  with 
hot  air  and  it  has  sufficiently  low  viscosity  at  the  molting  point  (about 
180JC).  Its  volume  does  not  change  appreciably  during  the  transition  from 
the  molten  to  the  solid  state,  and  therefore  the  dimensions  of  pentoplast 
Items  are  maintained  during  cooling  and  no  Internal  stresses  are  set  up, 
Pentoplast  can  bo  formed  readily  by  pressure-casting  or  extrusion  with  ordi¬ 
nary  equipment;  films  obtained  by  the  extrusion  method  have  good  mechanical 
characteristics. 

Pentoplast  is  used  as  a  corrosion-resistant  sUucturnl  material  and  as 
a  protective  coating®^ Pentoplast  coatings  can  bo  applied  by  the  method 
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of  gas-flame  dusting,  dipping  in  a  suspension  of  the*  polymer,  or  atomization 
with  subsequent  sintering  of  the  powder.  Sheet  pentoplnst  can  be  used  for 
protective  linings.  Pcntoplast  can  be  used  to  make  equipment  which  operates 
at  high  temperatures  In  aggressive  media:  valves  and  fittings,  components  of 
pumps,  valve  diaphragms,  tubing,  packing,  etc,  Pentoplast  is  well-known  abroad 
under  the  name  "penton"  and  is  used  wldoly  in  the  chemical  industry  for  making 
piping  systems,  ventilation  ducts,  distillation  columns,  scrubbers  and  reac¬ 
tors,  Tubing  of  low-alloy  steel  is  covered  with  a  layer  of  penton  0,8-1 .0  mm 
thick.  The  Hercules  Powder  Co.  manufactures  such  tubing  in  lengths  of  3.5  m 
with  diameters  from  40  to  600  mm. 

Chlorinated  polypentaerythritol  is  also  manufactured  under  the  tradename 
"perodlon  301*'  In  the  form  of  an  aqueous  suspension  which  is  used  to  cover 
centrifuges  (the  suspension  is  characterized  by  exc-.llent  adhesion  to  metal). 

Polycondensation  Plastics 

Reinforced  polycondensation  thermoreective  plastics,  containing  fillers, 
are  characterized  by  high  strength  and  are  used  as  structural  materials. 
Polycondonsatlon  plastics  filled  with  glass  fiber,  glass  fabric  or  other 
forms  of  glass  material  are  so  strong  and  light  that  they  can  be  used  for  the 
fabrication  of  large-scale  objects,  such  as  the  hulls  of  boats  and  ships, 
automobile  bodies,  and  even  buildings. 

The  properties  of  polycondonsatlon  plastics  which  are  used  as  co-voMcn- 
reslstnnt  materials  are  shown  in  Table  33, 

Legend  for  Table  33: 

A  -  Principal  characteristics;  D  -  Phcnoplasts;  C  -  Phenol  iu-s  (K-l7-2«>, 

K-1S-23  and  others);  D  -  Faolitv;  E  -  Tcxtollte;  F  -  Anonlplosts  A  H ; 
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Table  33.  Physical  and  Mechanical  properties  of  polyconclcnsatlon  plastics. 
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Legend  for  Table  33  (con't): 

G  -  Polyanidcs;  H  -  Polyester  resins}  I  -  Organosil Icon  rosins  (asbo- 
voloknlto);  J  -  Epoxide  resins  (reinforced); 

1  -  Original  monomers;  2  -  Diamines,  amino-  and  dlcarboxylic  acids, 

lactams;  3  -  Dlcarboxylic  acids  or  their  anhydrides  and  glycols; 

4  -  Epoxide  compounds  (eplchlorohydrin)  and  diatomic  phenols;  5  -  GOST 

or  technical  conditions;  6  -  Density,  g/cnr*;  7  -  Specific  resilience, 

kgf/cm  ;  8  -  Limit  of  strength,  kgf/cm  ,  9  «  under  tension;  10  -  under 

compression;  11  -  in  flexure;  12  -  Relative  elongation  at  rupture,  %; 

2 

13  -  Brinnell  hardness,  kgf/r.vi  ;  14  -  Martens  thermal  stability,  °C; 

15  -  Thermal  conductivity,  cal/cm-soc-deg;  16  -  Coefficient  of  linear 
thermal  expansion;  17  -  Specific  volume  electrical  resistance,  ohra-cm; 

18  -  Electric  strength,  kv/mia;  19  -  D*  ’--trie  permeability  (at  50 
hertz);  20  -  Tangest  of  angle  of  dielectric  loss  (at  50  hertz); 

21  -  Water  absorption  in  24  hrs,  V>\  22  -  Temperature  limit  of  utiliza¬ 

tion,  "c, 

23  -  According  to  data  quoted  in  the  book  "Now  Materials  in  Engineering" 
(Novye  materlaly  v  tekhnlko),  edited  by  E,  B,  Trostyanskaya,  Costop- 
tekhizdat,  1962,  p.  51,  the  water  capacity  of  polyamide  68  is  from  2,5 
to  8- 10/,. 


Phonoplnsts  are  the  most  f  nail  liar  thermor  .^active  plastics,  based  on 
phenol-formaldehyde  resins.  They  are  products  of  the  polycondensation  ci 
phenol  with  formaldehyde. 

They  ore  divided  into  three  categories,  d: •pending  on  the  nature  of  the 
filler:  press ln.-powd.rrs,  flberitcs  and  textolltcs.  The  largest  group  is 
composed  of  the  press ing-powders,  which  ere  formed  into  objects  by  ordinary 
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casting  or  forming  methods.  Pressing-powders  arc  classified  as  general  pur¬ 
pose,  with  good  electrically-insulating  properties,  increased  water-stability 
and  high  heat-res i stance  (K-18-36,  K—  211-2  and  others);  chemically  stable 
(phenolltos  and  dccorrozites) ;  high-strength  (FKP,  FKPM);  and  special- 
purpose  (for  semiconductors  and  components  of  X-ray  apparatus,  K-l 04-205), 

In  anticorrosion  engineering,  fibonte  and  the  laminated  plastics, 
faolite  and  textolite^’^,  are  much  more  valuable  than  pressing- powders, 

Fibcrite  (voloknlt)  (TU  KXhM  459-57)  is  used  to  make  items  with  increased 
mechanical  strength.  Glass  fibcrite  AC-4  (GOST  10087-62)  is  used  for  objects 
which  must  withstand  high  temperatures  (temperature  limit  of  use,  from  -  60 
to  +  200‘,C;  Martens  thermal  stability,  2S0I,C),  Glass  fiberite  AG-4  is  formed 
into  articles  by  hot-pressing.  The  limit  of  strength  amounts  to  5000  kgf/cm^ 
under  tension  and  1300  kgf/air  under  compression,  A  typical  representative 
of  the  fiberites  used  as  anticorrosion  materials  Is  faolite,  a  thermoroactive 
plastic  based  on  a  resol  phenol -formaldehyde  resin.  The  fillers  used  are 
asbestos  (brand  A),  asbestos  and  graphite  (brand  T)  or  asbestos  and  quartz 
sand  (brand  P). 

In  the  reinforced  state,  faolite  is  characterized  by  high  chemical 
stability,  strength  and  machlneability.  It  is  manufactured  in  the  crude 
form  (for  coatings,  linings,  or  as  putty)  and  in  the  reinforced  state  In  the 
form  of  sheets  and  finished  Items,  Faolite  hardens  at  120-130“C, 

The  selection  of  finished  and  semifinished  produces  of  fnolito  is  shown 
below: 

Crudo  faolite  sheets,  1000  y.  1400  run,  8-20  nn  thick, 

brands  A  and  T  TU  KKhl*  322-45 

Reinforced  faolite  sheets  of  the  rare  dimensions, 

brand?  A  and  T  TU  GKh?  35-44 


% 
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Faolite  putty,  brands  A  and  T 


XU  MKhP  34-44 


Faclite  pipe  and  fittings  of  diameter  up  to  200  mm, 
brands  A  and  T 


TU  MKhP  321-45 


Valves  for  tubing  of  dlamete’  50  and  100  nun 

Stopcocks  for  i.ublng  of  diameter  33  and  50  mm 

Vats  with  capacity  from  60  to  1400  liters 

Adsorption  towers,  plato  and  cap  columns,  tubular 
absorbers,  coolers,  centrifugal  pumps  and  other 
equipment 


TU  MKliP  325-51 
TU  MKhP  325-51 
TU  MKhP  324-45 


TU  MKhP  3014-51 


Faolite  is  known  abroad  under  the  name  ‘’Haveg". 

Tcxcolltes  and  glass  Lcxtolltes  are  materials  based  on  phenol- formalde¬ 
hyde  resins  which  are  impregnated  with  cotton  or  glass  fabrics.  They  are 
used  as  structural  materials  for  making  antifriction  and  electrically  insu¬ 
lating  items,  and  axso  components  which  operate  in  aggressive  medic. 


The  following  kinds  of  textollte  are  available,  depending  on  the  appli¬ 
cation:  email  pieces  (GO„  5-52),  sheet  electrotechnical  (GOST  2910- 

54),  metallurgical  (GOST  4184-54}  and  textollte  rods  (GOST  5385-50),  The 
first  of  these  is  used  as  a  corrosion-resistant  material. 


Aminoolssts  are  chermoroactlve  plastics  based  cn  carbamide  resins,  pro¬ 
ducts  of  the  polycondensation  of  rornaldchyde  -itn  urea  and  its  derivatives. 
The  most  widely  used  of  tnoM  are  pressing- powders  of  various  colors,  brands 
A  and  3,  K- 77-51  (TU  M-3883-53)  end  others,  used  for  aro-rcsistant  eioctro- 
technical  components  and  other  Items, 

Polyamides^  arc  products  of  the  polycondensat ion  of  aninoearbovylic 
acids  or  di.uur.os  with  djcnrboxyllc  acids,  or  of  the  stepwise  polymerization 
cf  lactams.  They  ere  iranuf acturcd  primarily  as  polymers  which  m*  formed  by 
pressure-casting,  or  compr^s' ion-molding.  They  are  used  no  fabricate  various 
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items  for  machine-construction,  electrical,  aviation  and  other  industries, 
and  also  films  and  cements.  Appreciable  amounts  of  polyamides  aro  used  to 
make  synthetic  fibers, 

Examples  of  polyamides  used  as  plastics  are  nylons,  eapron,  coprolon, 
resin  68,  etc.  Table  34  lists  the  brands  and  purposes  of  polyamides  manu¬ 
factured  by  domestic  industries.  They  are  distinguished  by  high  wear-  and 
abrasion-resistance,  good  antifriction  properties,  end  resistance  vo  atmos¬ 
pheric  effects,  water  and  many  chemical  reagents. 


Legend  for  Table  34: 

1  -  Polyamide  resin  54;  2  -  For  shock-resistant  items  vdiich  are  not 

affected  by  petroleum  products,  oils,  ethers  and  bases;  3  -  Polyamide 
resin  548;  4  -  Same;  5  -  Polyamide  resin  68;  6  -  For  items  which  are 

resistant  to  shock,  mechanical  effects,  aliphatic-,  aromatic-  and 
chlorinated  hydrocarbons,  alcohols,  aldehydes,  ketones  and  solutions  of 
bases;  7  -  Polyamide  resin  AK-7;  8  -  For  water-,  oil-  and  gasoline- 

resistant  articles  with  good  dielectric  properties;  9  -  Caprolon; 

10  -  For  large-scale  items,  gears,  bushings,  sleeves,  washers,  packing 
materials;  ll  -  Polyamide  film  PK-4;  12  -  For  sealing  and  insulating 

materials  which  arc  stable  to  hydrocarbons,  and  for  packing  and  gas- 
impermeable  materials;  13  -  Capron  (polycaprolnctam) ;  14  -  For  gears, 

bushings  and  parts  of  armatures;  15  -  Reinforced  polyamide  68; 

16  -  For  antifriction  items  which  arc  resistant  to  water,  bases,  benzene 
and  gasoline. 


Po?  yes  ter  re  r.  ins  aro  products  of  the  condensation  of  polyatomic  alcohols 
and  dibasic  acids  or  anhydrides  (so-called  nlkyd  resins). 
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Table  34.  Selection  and  purpose  of  polyamides. 

When  polyesters  arc  made  from  acids  and  alcohols  containing  reactive 
double  bonds  between  the  carbon  atoms,  the  polymers  formed  are  unsaturated 
polyester  resins.  They  arc  used  as  binders  in  structural  glass-plastics,  and 
also  as  colored- lacquer  materials  and  cements  *.  Domestic  industries  produco 
polyester  resins  of  the  following  brands:  PN-1  (STU  30-14086-63) ,  PM-3  (STU 
30-14263-64),  TG.*:-3  and  NGF-S  (VTU  iiUl 7-56) ,  TliGF-ll  (STU  12-10111—61). 

Crranor.il Icon  polymers  are  products  of  the  p»  1  y conden r a 1 1  o.  1  of  alkyi- 
hydroxysl lanes  (organos.ilcon  coi  pounds).  The  polymer  chains  of  those  mole¬ 
cules  consist  of  alternating  silicon  and  oxygen  crons,  and  the  silicon  atoms 
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are  bonded  to  various  organic  radicals.  The  transformation  of  the  resins  to 
the  thermostable  state  occurs  at  160-200 tfC.  The  products  obtained  have  good 
mechanical  strength  (nearly  constant  over  a  wide  range  of  temperatures  from 
-50  to  +300-350°C)  and  high  dielectric  properties.  Organosllicon  polymers 
are  used  to  make  lacquers,  impregnating  compositions,  cements  and  plastics; 
also  rubbers  and  liquids  for  lubricating  oils,  heat-transfer  fluids  and 
hydrophobic  materials. 

The  addition  of  a  filler  to  an  organosllicon  polymer  yields  a  high- 
strength,  thermostable,  electrically-insulating  material  which  is  used  to 
make  electrical  equipment  and  fittings,  casings  and  components  of  electrical 
and  radio  Instruments,  arc-resistant  items  and  various  s>nll  articles  which 
operate  under  conditions  of  elevated  (up  to  200-300 °C)  temperatures.  At  the 
present  time,  the  following  organosllicon  plastics  ar*  being  manufactures: 
asboflbarlte  K-41-5  TU  35-XIi* 572-63,  compression-molding  materials  of  various 
brands  and  glass  textolites  SKM-1  TU  OEPF5O15-O01  —  57  and  STK-41  TU  35^k'.P-270- 
64  STK-71  VTU  76—58. 

Epoxide  resins  (polyoxyesters)  are  oligomers  and  whose  macro- 

molecules  contain  epoxide  groups 


H»C — CM— 

*\/ 

O 

They  are  produced  by  polymerizing  diatonic  phenols  with  cpcxHw  eowpcu.^s 
(eplchlorohydrin) .  The  epoxide  groups  arc  located  ct  the  cuds  of  the  chain 
end  the  hydroxyls  arc  distributed  along  the  entire  chain,  ihey  harden  vtnd* c 
the  Influence  of  a* tines,  anhydrides  or  dibasic  aMds  a;.u  other  reagent?:  ho 
the  mechanism  of  the  polycondensation  reaction.  The  hardening  process  takes 
place  not  only  with  heating,  but  also  at  room  te-  pernturo. 


Various  brands  of 


epoxide  resins  are  produced,  depending  on  the  number  of  epoxide  groups  end  the 
molecular  weight.  They  are  liquids  of  a  variety  of  viscosities  or  solids. 

Epoxide  resins  adhere  very  well  to  metals,  glass  and  other  nonmetalllc 
materials.  Including  plastics.  They  have  high  mechanical  strength,  good 
dielectric  properties,  and  chemical  stability  in  acid  and  basic  media. 

Epoxide  resins  are  used  to  make  cements,  lacquers,  enamels,  patching  and 
sealing  compounds,  and  electrical  and  radio  components.  They  are  also  used 

as  binders  for  glass  plastics  and  other  laminated  materials,  as  well  as  for 
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protective  coatings  . 

The  following  brands  of  epoxide  resins  are  manufactured  by  domestic 
industries:  ED-5,  ED-6,  ED-L  and  ED-P  (GOST  10587-63),  E-40  (TU  UKhP-295— 
55)  and  E-37  (STU  30-14118--63) . 

Also  available  arc  the  epoxide  compounds  K- 153  (STU  30-L4161--64)  for 
cementing  materials  and  K-115  (STU  30-1414S--63)  for  impregnating,  sealing 
and  cementing  of  materials,  otc. 


Bituminous-nsphnltic  Plastics 

This  group  includes  plastics  based  on  natural  and  petroleum  asphalts  and 
rosins,  bitumens,  conl-tars,  shale-  and  ligneous  pitches.  They  are  obtained 
by  tho  pyrogenic  destruction  of  various  organic  substances. 

Plastics  of  this  type  are  resistant  to  mineral  acids  (weak  and  fairly 

concentrated)  and  solutions  of  salts  and  bases.  They  are  used  chiefly  for 

insulation  and  corrosion-protection  of  underground  pipelines  and  mains.  They 

33 

are  also  used  for  tho  protection  of  floors  in  chemical  plants  , 
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Petroleum  bitumens  are  used  In  the  form  of  primer  compos  1 tions  (solutions 
of  bitumen  In  gasoline),  as  the  primary  material  of  coatings,  and  also  for 
gluing  roof lng-pa per  materials.  Several  brands  of  petroleum  bitumens  are 
available,  depending  on  the  softening  temperature  and  other  properties. 

Thermoplast  1  c  asnhal t:-pl tch  material  (TU  GKhP  26-50)  Is  used  for  the 
compression-molding  of  battery  casings,  lids  and  plugs. 

Bituminous  mastics  (bitumlnols)  are  obtained  by  fusing  bitumens  with 
mineral-acid-resistant  fillers  (cements,  kaolins,  diabnsic  and  andesitic 
flours,  etc.)  and  with  reinforcing  additives  (asbestos).  Good  results  are 
also  obtained  by  adding  5-10/,  rubber  (in  the  form  of  crumbs)  to  the  bitumen. 
This  improves  the  elasticity,  frost-resistance,  stability  of  electrical  resis¬ 
tance  In  electrolyte  solutions,  mechanical  strength  and  other  properties  of 
the  bitumens. 

Bituminous-rubber  mastics  of  brands  M3R-I-90,  with  softening  temperature 
not  less  than  90<1C,  and  MBR-I3-80,  with  softening  temperature  not  less  than 
80 °C,  arc  used  for  insulating  work. 

Mastic  compositions  frequently  include  rubrax,  which  Is  a  high-melting 
elastic  product  obtained  by  special  processing  of  bitumens.  A  waterproof 
roof lng- paper  material  based  on  bituminous-rubber  mixtures  is  known  by  the 
name  brisol.  Sheet  roofing  cardboard  impregnated  with  bitumen  is  known  as 
hydrolsol;  a  mixture  of  bitumen  and  asbestos  fiber,  processed  on  rollers  and 
calenders,  Is  called  borulin. 

Bituminous  materials  mix  well  with  synthetic  resins.  Thus,  for  example, 
adding  epoxide  rosin  to  coal-tar  rosin  yields  the  valuable  anticorrosion 
matorlal  EKS-l,  which  combine:;  the  properties  of  both  constituents.  This 
material  is  applied  In  the  form  of  a  mastic,  and  it  sets  without  heating  in 
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layers  of  any  thickness.  Coatings  of  L'KS-1  are  stable  in  sulfuric,  hydro¬ 
chloric  and  5 %  nitric  acids,  and  also  in  bases,  petroleum  products,  oils  and 
gasoline. 

Materials  Based  on  Rubbers 

Natural  and  synthetic  rubbers  are  high-molecular-weight  compounds  de¬ 
signed  for  making  elastic  and  rubber  objects.  Synthetic  rubber  is  usually 
made  by  polymerization  and  copolymerization  of  various  unsaturated  compounds. 
Some  rubbers  are  produced  by  the  polycondensation  of  appropriate  bifunctional 
hydrocarbon  derivatives.  Rubbers  are  normally  used  in  mixtures  with  other 
ingredients:  fillers,  vulcanizing  agents,  plasticizers,  stabilizers  and  age¬ 
ing-retardants.  In  the  vulcanization  of  rubber  with  sulfur,  for  example,  the 
agent  adds  at  the  sites  of  double  bonds  and  "sews"  the  material  together. 

That  Is,  a  three-dimensional  macromolecular  structure  is  formed,  giving  the 
rubber  strength,  elasticity  and  a  certain  rigidity.  Depending  upon  the  amount 
of  sulfur  introduced  into  the  mixture,  it  is  possible  to  obtain  rubbers  which 
are  soft  (2-4  parts  sulfur-  lo  100  par  s  rubber  by  weight),  semirigid  and 
rigid,  called  ebonites  (50-60  parts  sulfur  to  100  parts  rubber  by  weight). 
Ebonite  can  be  used  independent!1  for  the  protection  of  equipment  or  as  a 
sublayer,  but  it  can  also  be  useci  ps  a  structural  material..  Domestic  Indus¬ 
tries  produce  ebonite  sheets  (GOST  2743-53),  pipe  (TU  KUhP  1420-47)  and 
tubing  (TU  M!ChP  24-11). 

Ruhbors  are  used  not  only  to  obtain  resins  and  ebonites,  used  as  cor¬ 
rosion-resistant  packing  and  sealing  materials  and  for  rubberizing  (tint  Is, 
the  coating  of  equipment  to  protect  it  from  the  action  of  aggressive  media), 

but  also  for  making  cements,  colored-lacquer  materials,  sealants,  binders, 
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etc  .  FI  gurc  15  shows  the  clnsalf lcatlon  of  rubbers  used  in  anticorrosion 
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technology 


Legend  for  Fig.  15; 

1  -  Rubbers;  2  -  Synthetic;  3  -  Natural;  4  -  Special-purpose  rubbers; 

5  -  General-purpose  rubbers;  SKft  (sodlum-bi.radiene) ,  SKS  (butadiene- 
styrene),  SI®  (cis-butadiene) ,  SKI  (isoprene);  6  -  Thermostable;  SKT 
(silicone)  and  tbermooenzostable:  SKF  (fluori noted  rubbers),  SKTF  (fluoro- 
sillcones);  7  -  Wear-resistant :  3KU  (polyurethanes);  8  «  Gas-tight; 
butyl  rubber;  9  -  Frost-resistant;  SKS-10,  SKMS-10  (butadiene-styrene 
and  oc-methyl  styrene),  SI®  (cis-butadiene) ,  SRM  (butadiene,  obtained  by 
catalytic  polymerization);  10  -  Gasoline-  and  oil-resistant;  SKN 
(butadiene-nitrile),  polysulfides  (thiokols),  chloroprenos  (nyrlte), 

MVP  GnethylWnylpyridinyl);  11  -  Chemically-stable  and  ozone-resistant; 
poly isobutylene,  butyl  rubber,  chlorosulfonated  polyethylene,  fluoro- 
rubbers ,  chloroprenes . 


Large  amounts  of  rubber  are  used  for  making  tires.  Smaller  amounts  are 
used  for  making  industrial  rubber  items  and  relatively  small  amounts  are 
manufactured  in  the  form  of  commercial  non-vulcani zed  rubbers,  some  of  which 
are  Intended  for  rubberizing. 

Synthetic  rubbers  of  the  following  kinds  arc  produced  In  the  Soviet 
Union:  sodium- butadiene  (S!3),  which  is  gradually  being  replaced  by  the  more 
satisfactory  polybutadiene  of  regular  structure  (SKD);  butadiene-styrene  (SKS 
and  SKM3);  butadiene-nitrile  (SKN);  polychloropreno  (nyrlte);  polysul f Ida 
(thiokols);  silicone  (SKT)  anti  several  special  types  ef  lubbers.  Almost  all 
of  the  rubbers  listed  above  are  used  to  prepare  rubberizing  resins,  ebonites 
and  sealants.  At  the  present  tire,  natural  rubber  (MK)  is  still  being  used 
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Fig.  15.  Classification  of  rubbers  according  to  properties  and  purpose. 

to  an  appreciable  extent  for  rubberizing  resins.  Its  structure  is  that  of 
polylsoprene35"33.  Synthetic  polylsoprene  rubber  (SKI),  analogous  to  natural 
rubber,  has  now  been  made  and  Is  being  accepted.  It  can  replace  natural 
rubber  successfully  In  rubberizing  resins  v  (sec  Table  35). 


Legend  for  Table  35l 

1  -  Aggressivo  medium  and  test  conditions;  2  -  Physlco-rnechanlcal 
characteristics;  3  -  Resins  based  or.  SKI-3,  with  filler  of;  4  -  powdered 
silica  gel;  5  -  lamp  black;  6  -  Rosins  based  on  NK,  with  filler  of; 

7  -  20;'.  hydrochloric  acid,  65 ‘’C,  25  days;  8  -  Strength;  9  -  Relative 
olongation;  10  -  Swelling;  11  -  33/.  sulfuric  acid,  65  °C,  50  days; 

12  -  20%  acetic  acid,  50*0,' 50  days. 
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Table  35.  Relative  change  of  physico-mcchanical  characteristics  of  resins 
based  on  SKI-3  and  KK  In  aggressive  media  (in  /.) . 

Non-vulcanized  commercial  rubbers  are  divided  into  two  basic  groups,  in 
accordance  with  the  purpose  and  operating  conditions:  general  Industrial  and 
special  purpose.  The  group  of  rubbers  of  general  industrial  purposes  consists 
of  soft  rubbers,  as  well  as  those  of  medium  and  high  rigidity.  It  includes: 

1)  rubbers  designed  for  protection  from  v?ater,  air  and  weak  solutions  of  acids 
and  bases;  2)  thermostable  rubbers;  3)  frost-resistant  rubbers;  4)  oil- 
and  gasoline-resistant  rubbers  and  5)  rubbers  with  increased  oil-  and  gasoline 
resistance,  Spoclai-purpose  rubbers  Include  those  used  for  the  rubberizing 
of  cheml'-'l  equipment  and  for  the  coating  of  drums  and  fittings. 

In  selecting  rubbers  and  ebonites  for  protection  from  the  action  of 
aggressive  media,  It  is  expedient  to  use  the  data  of  the  All-Union  Scientific 
Research  Institute  for  Standardization  and  Machine-Construction  (VuUM  ASh) , 
RTM  22-61,  "Protective  Coatings  by  Rubberizing"^, 

The  physical  and  mechanical  prop. riles  of  the  rubbers  and  ebonites  rust 
widely  used  for  rubberising,  together  with  the  methods  used  to  bond  then  to 
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metals,  are  listed  In  Table  36 


Legend  for  Table  36: 

A  -  Brand;  B  -  Basis  (rubber);  C  -  Density,  g/cm  ;  D  -  Limit  of 
strength,  kgf/cm  ;  E  -  under  tension,  not  less  than;  F  -  In  flexure; 

G  -  Elongation,  %;  H  -  relative,  not  less  than;  I  -  rosldual,  not  more 
than;  J  -  Rigidity  by  TM-2,  kgf/cm^,  GOST  263-53;  K  -  Williams  plas¬ 
ticity;  L  -  Frost-resistance, ®C;  M  -  Method  of  bonding  to  metal, 

1  -  Rubberizing  (soft)  resins;  2  -  With  thermoprono  cement  and  450ft; 

3  -  By  moans  of  a  sublayer  of  ebonite  or  thermoprene  cement;  4  -  By 
means  of  a  sublayer  of  ebonite;  5  -  With  lcuconate  or  200  cement; 

6  -  Standard  recipe;  7  -  Nyrite;  8  -  Butyl  rubber;  9  -  Somiebonltes; 
10  -  With  cements  2572  and  1805;  11  -  Ebonites, 


In  addition  to  rubberizing  rosins,  rubber  lining-,  packing-  and  sealing 
materials  are  also  used  In  anticorrosion  technology.  Linings  are  made  from 
Industrial  sheet  rubber  (COST  7338-55)  of  five  types:  acld-basu-resistant, 
thermostable,  frost-resistant,  oil-rasoliiu.— resistant  of  brands  A,  B  and  V, 
and  sanitary  (for  foodstuffs). 

The  physical  and  mechanical  properties  of  Industrial  sheet  rubbers  rre 
shown  In  Tabic  37  (the  first  number  of  each  entry  refers  to  soft  rubber  and 
the  second  to  hard  rubber). 


Legend  for  Table  37: 

1  -  Type  of  rubber;  ?  -  Limit  of  strength  under  tension,  kgf/cm^; 

3  -  Elongation,  7.\  4  -  relative;  5  -  residual;  6  -  Rigidity  by  TshM-2, 

kgf/c!.*;  7  -  Acid-base- resistant;  ft  -  Thermostable;  9  -  Frost-resistant; 
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Tftblo  36.  Physical  and  wochnnlcnl  properties  of  soft  rubbers  and 
ebonites  used  for  rubberizing. 


10  -  Oil-gasoline-resistant,  of  brands;  11  -  Sanitary 
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Table  37.  Physi co-mechanical  properties  of  industrial  sheet  rubbers. 

Sealing  materials  are  most  often  prepared  in  the  form  of  mastics  or 
pastes.  For  the  most  part^  they  do  not  require  heating  for  vulcanization  or 
hardening.  Sealants  are  made  from  polysulfide  rubbers  (thiokols),  silicones, 
butadiene-nitrile  rubbers  combined  with  resins,  and  certain  special  fluorine- 
containing  rubbers. 

Two  brands  of  thiokol  sealants  are  produced:  U-30K  (TU  UT-949--5S)  and 
UT-31  (VTU  1JT-932--59) •  These  materials  are  made  up  of  three  components, 
which  are  mixed  before  use:  the  first  component  is  the  paste  U-30  (thiokol 
filled  with  carbon  black  or  titanium  white),  the  second  Is  the  paste  P-9, 
containing  a  vulcanization  agent  and  a  plasticiser,  and  the  third  is  a 
vulcanization  accelerator  in  the  form  of  a  powder  . 

For  better  adhesion,  thiokol  sealants  aro  not  applied  directly  to  the 
metal,  but  on  a  primer  (VTUK,  cements  8C-II,  K-50,  etc.).  The  vulcanization 
of  thiokol  sealants  takes  place  at  room  temperature  in  an  average  time  of 
iU  hrs,  besides  thoir  primary  purpose  (scaling  materials),  thiokol  compounds 
may  ba  used  as  coatings  to  protect  metals  from  moisture  and  water  vapor. 


gasoline,  solutions  of  inorganic  acids  and  their  salts,  and  from  atmospheric 
and  ether  influences.  The  adhesion  of  thiokol  sealants  and  some  of  their 
properties  are  improved  by  combining  them  with  epoxide  resins. 

Electrically-insulating  sealing  compounds  based  on  silicone  rubbers  have 
been  developed  for  protection  from  the  action  of  moisture  and  the  atmosphere 
in  a  wide  range  of  temperatures  from  -60  to  +300 ‘’C.  The  most  useful  end 
familiar  industrial  silicone  sealant  is  the  compound  I<L  (VTU  V-16—64). 

The  sealants  GEN-150  (TU  P-105—58)  and  GEN-301  (VTU  MKhP  3284—52)  are 
mixtures  of  butadiene-nitrile  rubber  SKN-40  with  phenol-formaldehyde  resins 
(bakelite  resin  VDU  and  resin  FKF) .  They  are  5-6  times  stronger  than  thiokol 
sealants  and  10-20  times  stronger  than  silicones.  Their  adhesion  to  steel  Is 
not  less  than  35  kgf/cm^,  and  to  aluminum  it  is  as  high  as  70-170  kgf/cm^. 

New  Types  of  Elastomers 

The  new  elastomers  which  are  used  for  protection  from  corrosion  are  sub¬ 
jected  to  more  rigorous  demands  for  chemical  stability  and  resistance  to 
abrasive  wear,  erosion,  ageing  in  oxidizing  media,  etc.  Elastomers  based  cn 

& 

chlorosulfonated  polyethylene,  fluorine-containing  polymers  and  copolymers, 

95 

and  polyurethane  rubbers  have  such  properties  in  some  degree. 

Chlorosulfonated  polyethylene  (K'nSPS)  is  obtained  as  a  result  of  the 
introduction  of  a  sulfochlorldo  group  (SC^Cl)  into  the  polyethylene  molecule 
in  a  preparation  of  polyethylene  dissolved  in  carbon  tetrachloride,  sulfonyl 
chloride  (SO2CI2)  or  a  mixture  of  chlorine  and  sulfur  dioxide.  The  rubber- 
llko  polyr.or,  obtained  in  the  form  of  white  friable  crumbs.  Is  vulcanized  by 
metal  oxides  or  salts  of  organic  acids  (chiefly  magnesium  oxide  and  lend  oxido 
or  lead  salts  of  organic  acids).  The  structurization  occurs  rs  a  result  of 
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hydrolysis  and  subsequent  reaction  with  sulfochloridc  groups.  Vulcanization 
occurs  in  the  presence  of  organic  acids  or  colophony  (hydrogenated) ,  which 
improves  the  strength  and  engineering  properties  o..  the  mixtures*^ . 

Compared  with  other  rubbers,  KhSPE  vulcanized  rubbers  are  characterized 
by  exceptional  properties:  ozone-resistance,  resistance  to  abrasion  and  re¬ 
peated  bending,  thermal  stability  (up  to  120 °C) ,  and  high  stability  in^water, 
strong  oxidizers,  solutions  of  acids  and  bases,  and  salts  of  inorganic  acids. 
Like  rubbers  based  on  NK,  their  brittleness  temperature  amounts  to  A(T'c, 

The  recipes  of  rubber  mixtures  based  on  KhSPE  are  given  in  Table  38,  and 
Table  39  lists  the  properties  of  the  vulcanized  rubbers  (see  Chapter  III  for 
data  on  chemical  stability).  These  materials  are  used  for  rubberizing  tanks, 
pipe,  voltaic  cells  and  other  equipment;  they  are  also  used  for  linings,  acid- 
resistant  hoses,  valve  linings,  and  bearings  for  pumps  and  other  machinery. 
KhSPE  is  being  produced  on  a  pilot-plant  scale.  It  has  been  manufactured 
abroad  for  more  than  10  years  under  the  name  whypalon"^®. 


Legend  for  Table  38: 

1  -  Polymer  (KhSPE);  2  -  Hydrogenated  colophone;  3  -  Lampblack  or 
channel  block;  A  •  Precipitated  chalk;  5  -  Magnesium  oxide;  6  -  Lead 
oxide;  7  -  Thluram;  8  -  Altax;  9  -  Captax;  10  -  Neozone  D, 


Legend  for  Table  39: 

1  -  Rupture-resistance,  kgf/cra";  2  -  Relative  elongation,  7; 

3  -  Residual  olongatlon,  X;  A  -  Shore  hardness;  5  •  Resistance  to 
tearing,  kgf/cm;  6  -  Abrssi on-rosl stance,  cmVkvh;  1  -  Brittleness 
temperature,  *C. 
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Table  38.  Composition  (in  parts  by  weight)  of  rubbers  based  on  KhSPE. 


Frvr,,  />,-«; 

nOKfiaaTOJIll 

PencnTypa 

Xi  1 

.V,  2 

.\i  3 

/  ConpoT:iB.ioime  pa3pwBy,  kzcIcm1  .  .  . 

243 

115 

237 

20TKociiTc;ibHoe  yAminenne,  % . 

200 

220 

225 

?  OcraTomioc  y;u!>iiioi:;to,  % . 

5 

10 

12 

^TBepAOCTb  no  Ulopy . . 

77 

65 

85 

5ConpoTiiBAeHiie  pa3Aiipy,  k:c!cm  .... 

64 

54 

40 

'Co:ipoT.iB.r.ciu:c  ucTiipaiimo,  CM3/Kcm-<t  . 

— 

190 

— 

7TcMiicpaiypa  xpyriKocrii,  ‘C . 

—40 

-36 

-40 

Table  39,  Physico-ir.echanical  properties  of  rubbers  based  on  KhSPE, 

Colored  lacquer  compositions  based  on  KhSPE  in  the  form  of  organcdisper- 
sioris  harden  at  room  temperature^,  The  coatings  obtained  in  this  way  have 
good  mechanical  properties  and  are  resistant  to  ageing  and  the  action  of  oxi¬ 
dizers,  The  high  adhesion  to  metals  Improves  In  tho  process  of  utilization 
and  the  range  of  operating  temperatures  is  approximately  from  -50  to  +120*0. 

Fluor  Ine-contalnir.g  elastomers,  which  differ  from  other  rubbers  in  their 
Increased  chemical  stability  and  high  thermal  stability,  are  rooro  satisfac¬ 
tory,  They  include:  copolymers  of  vinyl ideno  fluoride  with  trlf luorochloro- 
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ethylene  (elastomer  Kel-F  of  brands  3700  and  5500)  and  with  hexafluoro propyl¬ 
ene  (vltones  A,  A-NV,  fluorel),  f luoroacrylate  polymers  (elastomers  1T4  and 
2F4),  fluorlnated  silicone  rubbers  (silastic  LS-53),  etc^"^. 

Vltones  are  fluorlnated  rubbers  which  are  obtained  by  the  water-emulsion 
polymerisation  of  vinylldene  fluoride  and  hexaf luoropropylene  at  100°C  an  an 
oxldlslng-reduclng  medium.  The  copolymer  has  a  linear  structure,  consisting 
of  alternating  methylene  and  dif luoromethylene  groups,  among  which  are  very 
short  per fluorocarbon  side-chains.  It  is  very  stable. 

Vltone  Is  a  soft,  white,  translucent,  rubber-llke  material  of  density 

3 

1.8  g/cm  .  The  molecular  weight  of  vltone  A  is  100,000  and  that  of  vltone 
A-NV  Is  200,000.  Recently  vltone  V  has  been  introduced,  with  a  viscosity 
Intermediate  between  vltones  A  and  A-NV, 

Rubber  mixtures  of  vltone  V  are  superior  to  vltones  of  other  brands  In 
elasticity,  thermal  stability,  brittleness  temperature,  and  resistance  to 
nitric  acid  and  several  other  media. 

The  Increased  chemical  and  thermal  stability  of  vltones  can  be  explained 

by  the  high  fluorine-content  (up  to  657.).  Vltones  are  manufactured  by  the 
07  OH 

Dupont  Company  •  * 

The  vulcanisation  of  vitons  occurs  by  reaction  with  polyfunctional  amli.es 
and  peroxides  or  under  the  lnfluenco  of  f)  -  or  T-radlatlon.  Amines  cause  pro- 
mature  vulcanisation  (scorching),  and  therefore  salts  are  normally  used  (for 
example,  the  carbamate  of  hexasiethylenodlamlne) .  Thermal  black,  gas  black 
and  motal  oxides  (magnesium,  calcium,  lead  or  a  mixture  of  sine  oxide  and  di¬ 
basic  lead  phosphite)  are  used  as  fillers  to  facilitate  tho  process  of  per¬ 


oxide  vulcanisation 


Vitones  are  always  vulcanized  in  two  stages:  first,  under  pressure  at 
150  *C  for  30  min,  and  then  completion  of  the  vulcanization  by  heating  in  a 
thermostat  or  oven  for  24  hrs  at  200-150 *C, 

Fiuorlnated  rubber  (analogous  to  vitones)  is  produced  by  the  Kellogg  Co. 
under  the  tradename  "fluorel"  (formerly  called  elastomer  214  and  Kel-F-2140). 
It  Is  a  copolymer  of  vinylldene  fluoride  and  hexaf luoropropylene  (70:30). 
Fluorel  is  a  saturated  polymer  which  contains  more  than  60X  fluorine.  It  is 
vulcanized  in  two  stages,  with  the  same  reagents  and  under  the  same  conditions 
as  vitones. 

Table  40  shows  examples  of  a  few  typical  recipes  for  re^in  mixtures  based 
on  vitones  and  fluorel,  and  their  physical  and  mechanical  properties  are 
listed  in  Tabic  41 . 


Legend  for  Table  40: 

1  -  Ingredients;  2  -  Vitone  A;  3  -  Vitono  A-NV;  4  -  Vitone  V; 

5  -  Fluorel;  6  -  Polymer;  7  -  Carbon  black;  8  .  Magnesium  oxide; 
9  -  Hexamethylenedlamine  carbamate. 


Legend  for  Table  41? 

1  -  Properties;  2  -  Vitone  A;  3  -  Vitone  A-NV;  4  -  Vitone  V; 

* 

5  -  Fluorel;  6  -  Density,  g/cm  ;  7  -  Brittleness  temperature,  C; 

8  -  Strength  under  tension,  kgf/cm  ;  9  -  Relative  elongation  at  rup¬ 
ture,  £;  10  -  Shore  a  hardness. 


A  valuable  property  of  fluorine-containing  elastomers  Is  their  ability 
to  withstand  protracted  use  at  high  temperatures?  for  vitones,  200-220^; 
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Table  40*  Composition  (in  parts  by  weight)  of  resins  based  on 
fluorlnated  rubbors. 
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Table  41,  Physical  and  mechanical  properties  of  resins  based  on 
fluorlnated  rubbers, 

for  fluorel,  230-260%' t  and  up  to  315  and  even  360 "C  for  short  times.  They 
retain  their  elasticity  at  low  temperatures  (from  -40  to  -50%), 

Vltone  resins  can  be  used  for  the  Insulation  of  conductors  at  low  vol¬ 
tages.  The  specific  volume  electrical  resistance  of  vulcanized  rubbers  based 
on  these  materials  Is  2.5  x  10^  ohm-cm  for  Vltone  A,  1.4  x  10^  ohm- cm  for 
Vltone  V  and  1 ,5-2,0  x  10^  ohm-cm  for  fluorel. 

Vulcanised  fluorlnated  rubbors  are  distinguished  by  extraordinary  chemi¬ 
cal  stability:  they  aro  resistant  to  atmospheric  effects,  ozone,  oxidizing 
agents  (Including  90/.  hydrogen  peroxide  and  finning  nitric  acid),  aliphatic-, 
aromatic-  and  chlorinated  hydrocarbons,  aromatic  amities,  potroloum  and  other 
fuels  and  oils.  They  are  also  stable  at  high  temperatures  In  dilute  and 
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concentrated  inorganic  acid3  and  bases.  They  are  soluble  in  ketones,  alde¬ 
hydes,  ethers  and  organic  acids. 

Solutions  of  vitone  in  ketones  are  used  for  making  films  and  for  thermally- 
and  chemical ly-stable  coatings  on  fabrics.  Solutions  of  fluorel  (25/1)  in 
mothylethyl ketone,  toluene  or  isopropyl  alcohol  are  also  used  to  obtain  strong, 
chemlcalJy-stafcle  coatings. 

Since  they  are  chemically  stable,  vulcanized  fluorinated  rubbers  retain 
their  strength  and  elasticity  well  whon  exposed  to  aggressive  media, 

Vitone  mixtures  can  be  processed  readily  with  the  ordinary  equipment  of 
the  rubber  industry.  They  are  extruded  at  63-70 eC  and  calendered  with  a 
roller  temperature  of  50  °C.  In  spite  of  the  fact  that  its  viscosity  is  higher 
than  that  of  other  rubbers,  fluorel  can  be  rolled  and  formed  easily  on  stan¬ 
dard  equipment.  The  casting  temperature  of  fluorel  is  145-160°C,  but  it  is 
used  to  make  tubic-  by  the  extrusion  method  at  66-76  aC. 

Rubbers  based  on  vltones  and  fluorel  can  be  cemented  or  vulcanized  to 

metals  by  means  of  silicone  adhesives,  but  the  adhesion  obtained  in  this  way 

is  only  3.5  kgf/cm2.  For  items  operating  at  temperatures  up  to  225  *0,  it  is 

recommended  that  vitone  rubbers  be  fastened  with  a  cement  based  on  the  vitone 

Itself.  The  vulcanizing  mixtures  are  solutions  of  vitone  in  mcthylethylketone 

99 

with  hexamothylenediamine  carbamate  or  triethylenotetramlne  , 

Vltones  are  used  to  make  sonllng  rings,  gaskets,  packing,  pressure  hose, 
fuel  tanks,  protective  coatings,  cements  and  insulation  for  conductors*®®, 

Vitono  tubing  Is  very  s"iooth  and  withstands  the  simultaneous  lnfiuer.ee  of 
high  temperatures  (up  to  200*0)  and  aggressive  media.  It  is  rccomcndcd  for 
transporting  potiolcun  products,  aromatic  compounds,  hilogen-contalnlng 
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hydrocarbons,  oxidizing  media,  special  fuels,  lubricating  oils  and  hydraulic 
fluids.  Vitone  is  used  to  make  regenerator  tubing  for  use  in  a  toxic  atmos¬ 
phere,  and  it  also  can  serve  as  an  elastic  covering  for  cables.  Fluorel  is 
used  In  aircraft-  and  rocket  construction  for  sealing  fuel  compartments,  for 
fuel-  and  hydraulic  hoses  and  for  Insulation*  In  the  chemical  Industry,  it 
is  used  for  gaskets  which  are  in  contact  with  aggressive  liquids,  and  In 
automobile  manufacture  it  is  used  for  sealing  gear  boxes,  making  brakes,  etc. 

Fluorlnatad  rubbers  of  these  types  (products  of  the  emulsion- polymeriza¬ 
tion  of  f J.uoro-oleflns)  are  manufactured  by  domestic  industries  under  the 
brands  SKF-32  and  SKF-26  (VTU  46-10--59  and  VTU  825-60).  Resins  based  on 
these  rubbers  are  familiar  under  the  brands  IRP-26  (VTU  LSNKh  30016-58),  1136 
and  2093.  These  rubbers  are  produced  in  the  form  of  white  or  black  sheets  of 
thickness  l. 4-2,0  mm.  They  are  used  at  temperatures  from  -60  to  +200"c  as 
sealing  and  electrically- Insulating  gaskets  In  electrolytic  condensers  filled 
with  38/.  sulfuric  acid. 

The  physical  and  mechanical  properties  of  the  rubber  IRP-1064  are  listed 
below: 

Limit  of  strength  under  tens' on,  kgf/cm  ,  ....  not  less  than  150 

Relative  elongation  at  rupture  not  less  than  150 

Residual  elongation  at  rupture,  %  .......  •  not  more  than  15 

Specific  volume  electrical  resistance,  ohm-cm 

at  20  “C  .••.•••••••••*••••  not  less  than  l  x  10** 

at  200 '’c  . . .  •  .  not  loss  than  5  x  108 

Electric  strength,  kv/rcm  not  less  than  !5 

The  fluorlnatcd  rubbers  1F4  and  2F4,  based  on  fluoroacrylate  polymers, 
aro  vulcanized  by  amines  at  154 *C  for  30  min  In  the  presence  e(  sulfur.  Tho 


rosin  is  made  by  mixing  100  parts  of  fluorinated  rubber  by  weight  with  35  parts 
of  lampblack,  1.25  parts  of  trlethylenetatramine  and  1,0  parts  of  sulfur 
(standard  recipe).  The  vulcanized  rubbers  formed  have  the  properties  shown 
in  Table  42. 


Legend  for  Table  42: 

A  -  Properties;  B  »  Fluorlnated  rubbers; 

1  -  Limit  of  strength  under  tension,  kgf/cm  ;  2  -  Relative  elongation 

at  rupture,  X;  3  -  Shore  hardness;  4  -  Swelling  in  benzene,  %; 

5  -  Temperature  limit  of  use,*C. 
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Table  42.  Physical  and  mechanical  properties  of  vulcanized  rubbers 
bAsed  on  f luoroacrylate  rubbers. 

Fluoroacrylate  rubbers  ere  appreciably  more  stable  than  nitr'le  rubbers, 
but  they  are  somewhat  less  stable  than  vltone  and  fluorel, 

Fluoroslilcone  rubbers.  The  chemical  stability  of  silicone  rubbers, 
which  arc  characterized  by  high  thermal  stability,  rxy  be  increased  by 
f luorlnatlng  them.  Tho  fluorosil iecne  rubbors  obtalr-.cd  (for  example,  silastic 
LS-5\  a  rubber  bailed  on  tr! UuoropropylnothyldlchloroK ilcno)  have  satisfactory 
strength  proportion,  elasticity  at  low  temperatures  and  increased  chervl-al 


stability101  (table  43) 


Legend  for  Table  43 J 

A  -  Aggressive  medium;  B  -  Temperature* °C;  C  »  Change  of  volume*  %; 

D  -  Change  of  hardness; 

l  -  Acetone;  2  -  Aniline;  3  -  Oil;  4  -  Same;  5  -  Carbon  tetrachlor¬ 
ide;  6  -  Ethanol;  7  -  Xylene;  8  -  Nitric  acid;  9  -  10%;  10  -  concen¬ 

trated;  11  -  Sulfuric  acid;  12  -  Sodium  hydroxide;  13  -  50%; 

14  -  Decomposes. 
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Tabic  43.  Chemical  stability*^  of  silastic  LS-53. 


Like  othor  fluorlnated  rubbers,  fluorosillcone  rubbers  arc  vulcanized  in 
two  stages!  at  ISO’C  under  pressure  for  1  hr  and  at  200 °C  in  an  oven  or  thermo¬ 
stat  for  24  hrs*  The  vulcanising  agents  arc  peroxides. 


Silasties  have  good  oll-gasolino  stability  and  arc  7-10  times  more  resis¬ 
tant  to  solvents  (Isooctnno,  xylene,  carbon  tetrachloride)  than  dimethyls! !ox- 
ano  resins. 
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The  physical  and  mechanical  properties  of  silastic  LS-53  are  listed  below 


O 

Density,  g/ err  1*4 

Limit  of  strength  undor  tension,  kgf /cm  .  .  .  70 

Relative  elongation,  %  .  ,  .  .  .  ,  55-60 

Shore  hardness  ................  170-200 

Brittleness  temperature,  “C  ..........  68 

Useful  temperature  range, cC  .........  ..70  to  +260 


Data  on  the  chemical  stability  of  KhSl3£  and  fluorlnated  rubbers  in  var¬ 
ious  media  are  given  in  Chapter  III. 

Polyurethane  rubbers .  Polyurethanes  are  very  promising  polymers  which 
also  can  be  used  to  obtain  rubber.  They  are  products  of  the  polycondensation 
of  di isocyanates  with  high-molecular-  a! ght  glycols^-^* 

Polyurethane  polymers  are  used  to  make  elastic,  water-  and  wear-resistant 
colored-lacquer  protective  coatings  for  metals,  leather,  wood  and  other 
materials’ 

Domestic  Industries  produce  the  following  lacquers  based  on  polyurethane 
polymers!  UK-71,  UR-930  (VTU  P-120--60);  primer  UR-01;  electrically- insu¬ 
lating  lacquers  IL-I  and  UL-2  and  scaling  compounds  K-30,  K-31,  KG-102, 

KT-102,  etc.  For  tropical  climatic  conditions,  the  following  epoxide-urethane 
coatings  oro  recommended:  lacquer  UR-231  (V'lU  G1PI  4-337--61),  lacquer  UR-31 
and  primer  l'R-012,  These  lacquers  are  distinguished  by  high  water-resistance 
and  good  protective  properties.  The;  are  superior  to  epoxide  coatings  in 
this  respect.  Depending  on  their  composition  and  properties,  polyurethane 
lacquers  stay  harden  at  ordinary  temperatures  or  at  elevated  temperatures. 

Pol yi-.i ethane  rubbers  are  produced  abroad  under  the  tradenames  vulcollan, 
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ndiprena,  vlbratane,  vulcaprcne,  estane,  etc.  They  also  display  a  V7ide  var¬ 
iety  o£  physical,  chemical  and  mechanical  properties.  Some  of  them,  ruch  as 
adlprene  L,  for  example,  arc  obtained  in  the  form  of  liquid  polymers  which 
are  used  to  make  the  dr  ’red  products  by  casting  or  molding. 

Other  types  of  polyurethane  rubbers  can  be  made  into  elastic  resins  with 
ordinary  equipment  and  can  be  vulcanized  with  sulfur  and  peroxides. 

In  the  USA  they  produce  four  types  of  urethane  rubbers,  classified 
according  to  their  properties  and  methods  of  forming! 

1)  liquids,  suitable  for  casting  in  molds  with  subsequent  thermochemical 
vulcanization  (adiprene  L,  neotane,  multratane) ; 

2)  regular  urethane  rubbers,  processed  on  equipment  used  for  ordinary 
resins  (gentane,  vibratane,  certain  brands  of  adiprene); 

3)  estane  thermoplastic  rubber,  suitable  for  extrusion  or  :  elding  (brands 
5740X1,  5740X2  and  5740X7); 

4)  texin  scorched  thermoplastic  rubber  (brands  192',  2S0A,  355A  and 
others),  suitable  for  pressure-casting  and  extrusion  at  temperatures  which 
guarantee  complete  vulcanization  (150-.179°C  and  higher). 

Polyurethane  rubbers  adhe-e  veil  to  metal' ,  can  be  used  In  the  liquid 
state,  and  can  be  vulcanized  in  air  oy  tno  open  method  (with  or  without  heat¬ 
ing)  ,  Those  valuablo  properties  wake  them  useful  as  coatings!  sealing, 
wear-resistant,  abrasion-resistant,  and  for  protection  against  fuels,  oils, 
solvents  and  various  chemical  media.  Especially  attractive  to  investigators 
is  the  possibility  of  obtaining  coatings  with  hlgn  resistance  to  cro:.lon  and 
abrasion,  since  the  vear-cooff Iclcnt  of  urethane  coatings  Is  appreciably 
lower  (60/.)  than  chlorinated  rubber  (220/)  or  opoxlde  (190/.)  coatlrg.. .  infor¬ 
mation  Is  available  on  the  use  of  vuicollnno  for  woor-rcslr.tant  crating/,  on 
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the  protection  of  interior  surfaces  of  gas  tanks  and  other  containers  in 
chemical  plants  with  polyurethane  resins,  and  also  on  the  production  of  pipe 
coated  with  these  resins.  This  pipe,  which  comes  in  diameters  from  76  to 
254  mm  and  lengths  up  to  914  mm,  is  used  for  transporting  abrasive  materials: 
sand,  suspension^,  dry  chemicals,  etc.  Polyurethane  resin  coating  of  piping 
systems  are  6.4  mm  thick;  they  are  resistant  to  aggressive  gases.  According 
to  the  available  data,  polyurethane  elastomers  are  stable  at  20  and  60°C  in 
water  and  in  solutions  of  ammonium  nitrate,  ammonium  sulfate,  sodium  chloride 
and  sodium  hypochlorite.  They  swell  slightly  and  corrode  in  solutions  of 
potassium  bichromate  and  in  hydrogen  sulfide.  The  coating  are  attacked  by 
dry  and  moist  chlorine,  as  well  as  by  the  following  acids:  nitric,  hydro- 
bromic,  sulfuric,  hydrochloric,  phosphoric,  chromic,  hydrofluoric,  chloro- 
sulfonic,  lactic  and  acetic. 

Data  on  the  stability  of  polyurethane  resins  in  100vl  butyric  acid  are 


given  below: 

Swelling  at  22  *C,  % .  1.3 

Change  of  relative  elongation,  %  ........  10 

Loss  of  strength,  23 


Polyurethane  elastomers  are  completely  stable  in  the  following  organic 
media:  gasoline,  glycerine,  vegetable  oils,  aliphatic  hydrocarbons  (propane); 
they  are  sufficiently  stable  in  glycols,  butanol,  ethanol,  37/.  formaldehyde, 
tatraothyl  lead;  they  dissolve  in  acetone,  benzene,  amyl  acetate,  carbon 
bisulfide,  carbon  tetrachloride,  methanol;  they  swell  appreciably  in  toluene 
(43;'.)  and  in  trichloroethylene  (170/.). 
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Colored- lacquer  Materials^ 

The  selection  of  colored-lacquer  materials,  which  Includes  primers, 
fillers,  lacquers,  paints  and  enamels,  is  extremely  large.  The  nonmetallic 
polymeric  materials  of  this  group  aro  designed  to  protect  from  atmospheric 
effects  (surrounding  media),  chemical  ,edla,  water,  gasoline,  oil,  high 
temperatures,  and  also  to  serve  as  electrical  Insulation. 

Colored-lacquer  coatings*  are  divided  into  two  groups,  according  to  the 

*  In  the  choice  of  colored-lacquor  coatings.  It  is  very  convenient  to  use 
the  machine-construction  standaid  MN  4200-62. 

climate  in  which  thoy  are  to  be  used;  temperate-continental  and  tropical. 

Until  recently,  the  chemically  stable  colored-lacquer  materials  used  to 
protect  metallic  Items  from  the  direct  action  of  chemically  aggressive  media 
consisted  mainly  of  perchlorovlnyl  resins  and,  to  a  lesser  degree,  phenolic 
resins  and  bitumens.  During  the  past  ten  years,  epoxide  resins  have  begun  to 
be  used  for  protection  from  corrosion.  These  materials  have  high  chemical 
stability  In  acidic  and  basic  media  and  In  solvents;  alcohols,  aliphatic  and 
petroleum  hydrocarbons,  aldcnydes,  benzene,  etc.  In  addition,  epoxide  mater¬ 
ials  can  be  hardened  without  heating  and  they  withstand  appreciable  (up  to 
1208C)  operating  temperatures. 

In  choosing  a  coating  for  the  protection  of  cquipmont.  It  Is  necessary 
to  take  Into  account  the  operating  conditions  (constant  or  periodic  exposure 
to  chemically  aggressive  media).  Tho  intermittent  action  of  a  medium  on  a 
eolored-lacquer  coating  is  less  serious  than  constant  exposuro  to  the  medium. 

Depending  on  the  coating  selected,  it  may  Include  a  primer,  filler, 
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enamel  and  lacquer.  Thus,  porchlorovlnyl  coatings,  as  a  rule,  consist  of  a 
primer,  enamel  and  lacquer;  epoxide  coatings  consist  only  of  a  primer  or  of  a 
primer  ard  enamel;  phenolic  (bakellto  lacquer)  coatings  consist  only  of  a 
lacquer  with  filler;  and  divinylacetylene  (cthinol  lacquer)  coatings  consist 
of  a  primer  and  lacquer  with  filler.  The  colored-lacquer  materials  which  are 
used  to  obtain  chemically  stable  coatings^*^  are  listed  In  Table  44. 


Legend  for  Table  44 S 

A  -  Drying  conditions;  B  -  temperature, *C;  C  »  time,  hr; 

D  -  Strength  and  elasticity  characteristics; 

1  -  Materials  based  on  epoxide  resins; 

2  -  Primer-filler;  3  -  Red-brown;  4  -  Enamels;  5  -  Green;  6  -  Hard¬ 
ness  by  pendulum,  not  less  than  0.5;  7  -  Cream;  8  -  Lacquer; 

9  -  Colorless;  10  -  Films  with  high  mechanical  strength  and  good 
aciheslon;  ll  -  Light  brown; 

12  -  Materials  based  on  perchlorovinyl  resins; 

13  .  Primer;  14  -  Elasticity  by  scale  of  flexibility  1  mm;  15  -  Var¬ 
ious;  16  -  Strength  of  film  in  flexure  by  scale  no  more  than  1  mm; 

17  -  Film  mechanically  strong;  18  -  Green  and  white;  19  -  Gray; 

20  -  Materials  based  on  phenolic  resins; 

21  -  Bakoiito  resin;  22  .  According  to  conditions; 

23  -  Materials  based  on  divinylacetylene  polymers; 

24  -  Ethlnol  lacquer; 

25  -  Bituminous  materials; 

26  -  Acld-rcslstant  lncquor4li;  27  -  block;  28  -  Elasticity  by  scale 

of  flexibility  3  mm;  29  -  Bituminous  lacquer  67;  30  -  Coal-tar  lacquer; 

31  -  Strength  of  film  In  flexure  by  scale  no  more  than  5  mm; 

32  -  Hater! a  Is  based  on  rubbers; 
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Table  uk.  Characteristics  of  colo^.-cMat-quor  i.arcrfsls  used  to  obtain 
chemically  stable  coatings. 


Legend  for  Table  44  (con't): 

33  -  Enamel  55,  based  on  SKK  rubber;  34  -  Chlorinated-. -A’  lacquer. 

Polymeric  Cementing  Materials 

Cementing  compounds  based  on  phenol-formaldehyde  rosins,  under  the  name 
arzamlte  cements,  are  used  widely  for  fettling  work.  They  ore  used  as  an 
independent  fettling  material  or  as  a  sublayer  for  sealing  joints  of  inlaid 
linings  and  for  cementing  faolite,  antegmite  and  other  plastics.  Arzamlte  ce¬ 
ments  are  made  up  of  two  components:  arzamite-solutlon  (that  is,  phenol- 
formaldehyde  resin)  and  arzamlte- powder,  which  consists  of  a  filler  (quartz 
flour,  silica,  barium  sulfate,  graphite)  and  a  catalyst-settlng-accelerator 
(paratoluylsulfochlorldc).  The  components  are  mixed  within  an  hour  before 
using,  since  these  cements  set  quickly  (in  a  day  at  room  temperature  and  in  a 
few  hours  at  70°C),  At  present  there  are  seven  well-known  grades  of  arzamite, 
differing  in  their  resistance  to  acids  and  bases,  thermal  conductivity  and 
thermal  stability  (Table  45).  Arzamlte-6  is  used  at  temperatures  up  to  160- 
iP.O'C  and  the  other  arzanites  can  be  used  at  temperatures  up  to  120  C. 

Legend  for  Table  45: 

A  -  Grade  of  arzamlte  cement;  B  -  Limit  of  strength  under  tension, 
kgf/cm2;  C  -  Adhesion;  D  -  to  St.  3,  protective  sublayer;  E  -  to 
Impregnated  graphite; 

1  .  Arzamlte;  2  -  As  acid-resistant  cement;  3  -  As  acid-base-reslstant 
cement;  4  -  For  cement  which  is;  resistant  to  hydrofluoric  acid; 

5  -  As  acid-resistant  and  heat-conducting  cement;  6  -  As  acld-bnsc- 
reslstnnt  and  heat-conducting  cement;  7  -  As  acid-resistant,  heat-con¬ 
ducting  and  thermal ly-stnble  (up  to  1 60—  l f’-O  C)  cement, 
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Table  45.  Characteristics  and  uses  of  arzaraite  cements. 


Wood,  Carbon,  Graphite 

Wood,  carbon  and  graphite  are  non-plastic  corrosion-resistant  materials. 

W?'Od  ir  a  material  with  low  corrosion-resistance.  It  decomposes  under 
the  influence  of  oxidizers  and  concentrated  acids.  In  spite  of  this,  however 
It  Is  frequently  used  for  making  apparatus  of  sir.plo  shapes,  ducts,  parts  of 
filtering  oomI  patent  and  crates  for  chemical  products. 

The  stability  of  wood  in  aggressive  media  depends  on  its  nature.  If  it 
la  impregnated  with  phenol-formaldehyoc  resins,  for  exanplo,  its  stability  is 
Increased,  After  impregnation  and  heating  to  125-130 *C  (to  set  the  rosin), 
wood  bocomer.  sufficiently  stnblo  In  my  aggressive  media,  with  the  exception 
of  oxidizers,  bases  and  eone  organic  solvents.  Plywood  plpo^  (GOST  7017-64) 


with  inside  diameter  from  50  to  300  mm  and  wall  thickness  from  6.5  to  13  mm 
(brands  FI  and  F2),  is  used  in  the  chemical  industry  for  transporting  weakly 
aggressive  media.  Brand  FI  plywood  tubing  is  designed  for  an  operating  pres¬ 
sure  differential  of  10  atm,  and  brand  F2  is  designed  tor  a  pressure  of  5  atm 
with  tubing  diameter  100  mm. 

Carbon  has  very  high  corrosion-resistance,  but  it  has  not  been  widely 
used  in  equipment- const ruction,  mainly  because  of  Its  low  strength.  Since  it 
is  a  porous  material,  it  is  used  to  make  filters,  gas-mixing  diffusers  and 
other  items  of  a  similar  nature.  Carbon  tiles  and  fettling  blocks  of  anthra¬ 
cite  and  pitch  (TsMTU-48)  are  used  for  lining  large-scale  equipment,  for 
example,  digesters  for  the  cellulosc-paper  industry*  Table  46  shows  the 
physical  and  mechanical  properties  of  carbon. 


Legend  for  Table %6: 

A  -  Basic  characteristics;  B  -  Graphite;  C  -  untreated;  D  -  treated; 

E  -  Antegmite  ATM-1;  F  -  Graphitolite  (for  casting);  G  Carbon; 
l  -  Density,  g/cm  ;  2  -  Limit  of  strength,  kgf/cnr;  3  -  under  compres¬ 

sion;  4  -  under  tension;  5  -  in  flexure;  6  -  Thermal  conductivity, 
keal/m-hr-deg;  7  -  Coefficient  of  linear  thermal  expansion; 

8  -  Temperature  limit  of  use. 


Graphite  has  good  thermal  conductivity  end  high  chemical  stability.  It 
is  used  as  a  structural  material  in  the  production  of  chemical  apparatus^ »56™58 
and  heat-exchange  equipment.  Since  natural  graphite  contains  impurities,  tho 
chemical  Industry  usos  synthetic  oloctrodo  graphite,  with  porosity  of  20-30/. 
and  sometimes  as  high  as  50/. 


In  order  to  el  In! net c  the  porosity  of  g:  j-.hitr  ,  it  i  s  impregnated  with 
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Table  46.  Physical  and  mechanical  properties  of  graphitic  materials  and  carbon. 

synthetic  resins  (mainly  phenol- forma ldehyde) .  It  then  acquires  high  mechani¬ 
cal  strength  and  impermeability.  It  is  used  to  make  heat-exchange  equipment 
of  various  types:  submerged,  sheathed-tube,  "tube-ln-tube"  and  block. 

In  addition  to  heat-exchangers,  graphite  Is  used  to  i.ake  absorbers  and, 
sometimes,  centrifugal  and  rotary  pumps.  It  is  also  used  In  the  form  of  tiles 
for  fettling  chemical  apparatus., 

Plastics  based  on  graphite  have  been  used  widely  in  the  chemical  indus¬ 
try.  A  particular  example  Is  antegmltc,  in  which  the  binder  Is  phenol-form¬ 
aldehyde  rosin  and  the  filler  Is  powdered  electrode  graphite.  Antogmlto  Is 
formed  by  compression-molding  of  high  temperatures  and  pressures.  There  are 
three  familiar  brands  of  antegmltc:  AT.S-l,  AT.1-10  (TATE.M-0)  and  AT'I-lG 
(TATEK-C).  Most  common  Is  ATM-l,  which  Is  used  to  mko  tubing  (VTU  M-234-- 
54),  fettling  tile  (VTU  MI»h!'.!-367--55)  and  centrifugal,  horizontal,  single- 
stage  pumps  with  ijovlng  parts  of  AT!!-l. 


i 
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The  thermal  conductivity  of  antegmite  Is  throe  times  lowor  than  impreg¬ 
nated  graphite,  but  appreciably  higher  than  other  plastics.  The  coefficients 
of  linear  expansion  of  ATM-1  and  stool  are  similar,  which  is  an  advantago  in 
the  fettling  of  steel  vessel?  with  ATM-1  tile. 

The  graphitic  plastics  also  include  cast-graphite  or  graphitolite,  which 
Is  characterized  by  high  fluidity.  For  this  reason  it  is  used  to  make  items 
by  the  so-called  method  of  cold  casting  in  closed  or  open  molds,  without  pres¬ 
sure  and  at  ordinary  temperatures.  These  items  include  valves,  centrifugal 
pumps  and  other  objects  with  complicated  shapes  which  cannot  be  made  of  im¬ 
pregnated  graphite  or  antegmlte.  Graphitolite  has  the  same  chemical  stability 
as  graphite  and  ATM-1,  but,  in  contrast  to  the  latter,  it  has  almost  no 
thermal  conductivity.  There  are  three  well-known  brands  of  graphitolite: 

HL,  2FNL  and  5EFNL,  which  have  different  properties  and  are  used  for  costing 
and  fettling.  The  properties  of  brand  ML  graphitolite  and  other  graphitic 
materials  are  listed  in  Table  46. 

All  graphitic  materials  aro  distinguished  by  high  chemical  stability. 

They  are  attacked  only  by  basic  media  and  by  halogens:  bromine,  iodine, 
fluorine  (they  are  resistant  to  chlorine).  Craphlte  and  graphitic  plastics 
are  used  not  only  for  the  construction  of  chemical  apparatus,  but  also  as 
antifriction  materials. 

Impregnated  graphite  is  produced  abroad  under  the  tradenames  carbaite 
(USA) ,  igurltc  (CDit) ,  diabon  (rRC»),  etc.,  and  graphitolite  under  tho  name 
gussigurlto  (CM), 


Sonmotnllic  Materials  of  Inorganic  Origin 
Those  aro  mainly  fettling  and  accessory  materials^,  Figure  16  shows  a 
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rough  classification  of  those  materials  and  their  physical  and  mechanical 
properties  are  listed  in  Table  47,  The  natural  acid-resistant  materials  in¬ 
clude  substances  consisting  chiefly  of  silicon  dioxide*  vhich  is  responsible 
for  their  high  chemical  stability  in  most  aggressive  media.  They  are  attacked 
by  fluorine  compounds  and  by  caustic  and  carbonate  bases. 


Legend  for  Figure  16: 

l  -  Nonmctallic  materials  of  inorganic  origin;  2  -  Fused  materials; 

3  -  Silicate  materials  based  on  cements;  4  -  Stone  cast  from  diabase 
and  basalt;  5  -  Fused  quartz;  6  -  Cements;  7  -  Concretes;  8  -  Sili¬ 
cate  glass;  9  -  Enamels;  10  -  Plasters;  11  -  Ceramic  materials; 

12  -  Natural  acid-resistant  materials;  13  -  Acid-resistant  materials; 
14  -  Refractory  materials;  15  -  Granite;  16  -  Boshtaunitc;  17  -  Thin 
ceramic;  18  -  Asbestos;  19  -  Andesite. 
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Figure  16,  Classification  of  nonmetallic  materials  of  inorganic  origin. 
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Legend  for  Table  47  s 

A  -  Material;  B  -  Density,  g/c in3;  C  -  Limit  of  strength,  kgf/cm2; 

D  -  under  tension;  E  -  under  compression;  F  -  in  flexure;  G  -  Water 
absorbance,  %;  I)  -  Porosity,  %;  1  -  Temperature  limit  of  use; 

J  -  Thermal  conductivity,  kc/il/(m-hr-uag);  K  -  Coefficient  of  linear 
thermal  expansion. 

1  -  Andesite;  2  -  volumetric  mass;  3  -  Beshtaunite;  4  -  Hot  less  thnn 
5  -  Mot  more  than;  6  -  Granite;  7  -  Diabase;  8  -  Basalt;  9  -  Quartz 
glass;  10  -  Glass  13  for  tubing;  11  -  Thermostable  borosilicate  gloss; 
12  -  Acid-resistant  enamels;  13  -  Acid-resistant  ceramic  tile  (GOST 
961--57);  14  -  Porcelain;  15  -  Andesitic  plaster;  16  -  Diabase  plas¬ 

ter;  17  -  softening  temperature;  18  -  Sulfur  cement;  19  -  Acid-resis¬ 
tant  concretes;  20  -  Appreciable; 

21  -  Yu.  V.  DeroshUevich,  "Acid-resistant  Structures  in  the  Chemical 
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Industry"  ; 

22  -  Handbook  for  special  operations^®. 

Granites  are  used  in  the  construction  of  absorption  towers  with  media 
temperatures  up  to  200-250  °C.  Deshtauni to  and  andesite,  which  arc  highly 
acid-resistant,  arc  used  exclusively  as  fettling  materials.  They  are  resis¬ 
tant  to  inorganic  acids  and  aggressive  gases  at  800-900^0,  In  addition, 
beshtaunite,  like  granite.  Is  used  in  the  construction  of  acid  towers  and 
andesite  Is  used  widely  as  a  filler  in  cementing  coT,i>our.c':; , 

The  acid-resistant  material  asbestos  Is  used  as  a  filler  and  in  gaskets, 
packing  and  filter  cloth.  Asbestos  Is  classified  as  anthophyllltlc  (acid- 
resistant)  or  chrysotilic  (more  stable  in  basic  media) . 


iO  II*  Aei>«uj*cBu*i.  «Ki*cfloroyno^»ibJc  coopyw^'iiw  u  xii»ii*«cckou  npo*wisi 
C^ipjoosuixK  no  cucuM&nfeMuu  pa6cTuu»w. 


Fused  silicate  materials  include  diabase  and  basalt  cast  stene,  used  in 
the  form  of  tiles  for  fettling  (VXU  MKhP  9029--55)  and,  more  rarely,  for  making 
components  of  chutes,  piping  systems,  sleeves,  and  spheres  for  ball  mills. 

These  strong,  hard  materials  with  high  chemical  stability  ere  brittle  and 
cannot  withstand  rapid  temperature  oscillations.  Quartz  glass  (fused  quartz) 
is  molded  into  containers,  tubing,  of  columns  and  absorbers  and 

sometimes  it  is  pressed  Into  fettling  tiles.  Silicate  glass  is  used  to  make 
fettling  tiles  and  as  a  structural  material  for  tubing  (GOST  F>894-5f>),  elbows, 
tees,  condensers,  fractionating  columns  and  other  equipment. 

Boros ilicate  glass  has  Increased  thermal  stability,  so  that  tubing  made 
of  this  material  can  be  used  in  the  temperature  range  from  -50  to  +400  °C. 
However,  it  must  bo  remembered  that  glass  of  any  composition  is  attacked  by 
hydrofluoric  acid  and  concentrated  solutions  of  bases  (with  the  exception  of 
special  base-resistant  glasses). 

Acid-resistant  enamels .  Vitreous  thin-layor  coatings  are  subdivided 
into  two  groups:  primers  and  coverings.  The  thermal  stability  of  these 
enamels  can  be  as  high  ns  300-400°C.  Domestic  industries  produce  a  variety 
of  enameled  items  which  are  widely  used  in  chemical  processes.  These  items 
have  high  corrosion- resistance  in  all  organic  and  Inorganic  media,  with  the 
exception  of  fluorine  compounds  and  hot  concentrated  alkali  solutions.  The 
principal  kinds  of  enameled  chemical  equipment  arc:  storage  tanks,  with  and 
without  linings,  various  types  of  reactors,  autoclaves,  vacuum  apparatus, 
evaporating  pans,  lient-exchnngers  (coll,  "tubo-ir.-tubo"  or  "vessel- In-ves- 
sel"),  condensers,  sheets  and  caps  of  fractionating  coin1  ms,  various 
filters,  crystallizers,  mixers,  pipe  and  fittings,  valves  and  other  equip- 


Coraml c  eclrt~rof.lf.tant  and  refractory  Items  are  made  by  molding  natural 
silicate  materials  (basically  clay  with  certain  additives  )  and  then  anneal¬ 
ing  until  sintering  Is  complete.  Ceramic  materials  are  subdivided  into  two 
groups,  depending  on  the  degree  of  water  absorption:  stonc-ceramlc  and  porce¬ 
lain  with  water  absorbance  less  than  5/1,  and  refractory  and  filtering  mater¬ 
ials  with  water  absorbance  greater  than  57,.  Ceramic  materials  of  the  first 
group  are  used  for  fettling  tiles  of  various  kinds  (acid-  and  heat-acid-resls- 
tant,  ceramic  *  heat-acid-resistant  for  hydrolytic  processes)  and  as 

structural  materials  for  the  fabrication  of  chemical  equipment.  Materials  of 
the  second  group  are  used  for  filters  and  furnace  linings.  Ceramic  heat- 
exchangers,  pumps,  reservoirs,  reactors  with  stirrers,  ball  mills,  blowers, 
piping  systems,  valves,  fittings,  ceramic  caps  for  absorption  towers  and  other 
equipment^  are  used  in  chemical  processes  when  strongly  aggressive  media 
are  involved. 

Porcelain  is  a  thin  ceramic  material  which  is  hard  or  soft,  depending  on 
the  annealing  temperature.  Soft  porcelain  has  less  strength  and  thermal 

stability  than  hard  porcelain. 

Hard  porcelain  is  used  to  make  fettling  tiles  which  arc  distinguished  by 

impermeability  and  high  mechanical  strength.  It  is  also  used  for  various 

items  of  small  volume  (up  to  500  1)  and  dimensions:  vacuum  apparatus,  con- 
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talncrs,  pickling  baths,  colls,  valves,  tubing  ,  filters,  pump  components. 

etc. 


Silicate  cements  are  chemically  stable  materials  which  include  plasters, 
eomonts  and  concretes.  They  ore  compound;;  which  consist  of  a  finely  ground 
mineral  filler  and  the  cement  itself  (liquid  glass  or  bitumen).  The  fillers 
usod  aro  gravel,  sand,  andesite,  l>osh’ nun  It  »*,  quartzite  (pondered  quartz). 
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diabase  and  basalt 


When  the  filler  is  mixed  with  liquid  glass  (aqueous  solution  of  sodium 
silicate),  sodium  fluosillcato  is  used  to  accelerate  sotting. 

The  silicate  acid-resistant  plasters  arc  divided  into  the  following 
categories,  depending  on  the  form  of  the  filler:  diabasic,  basaltic,  ande¬ 
sitic  and  litharge-glycerin.  The  last  type  contains  lead  monoxide  or  red 
lead  in  addition  to  andesitic  flour,  and  the  liquid  glass  is  replaced  by 
glycerin. 

Cements  arc  classified  as  ordinary  Portland  cements,  aluminum  sulfate 
cements,  acid-resistant  cements  or  sulfur  cements.  Sulfur  cements  differ 
from  other  types  in  composition  and  properties.  The  binder  is  replaced  by 
molten  sulfur  and  a  plasticizer  (thiokol  or  thermopreno)  and  the  filler,  as 
usual,  Is  a  finely-ground,  acid-resistant  mineral.  Sulfur  cement  is  resis¬ 
tant  to  mineral  acids  and  solutions  of  their  salts. 

Concretes.  Acid-resistant  reinforced  concrete  Is  used  for  fettling 
apparatus,  for  laying  foundations  under  pumps  which  transfer  acids,  for 
covering  floors  and  subfloors,  and  for  constructing  large-scale  apparatus, 
such  as  towers,  tanks  and  vats. 

Fireproof  reinforced  concrete  is  used  at  high  temperatures.  The  rein¬ 
forcement  is  roiled  plate-,  bar-  or  section  iron  of  carbon  steel  (St.  3). 

Folymer-concrctcs  arc  now  becoming  available.  These  materials  are  ob¬ 
tained  by  combining  mineral  cermts  (cements,  gypsum,  lime)  and  fillers  with 
organic  polymeric  binders  (resins,  rubbers,  polyvinyl  chloride,  etc.).  One 
example  is  faizol-concrcte,  which  is  based  on  furf urol-acctone  resins  of 
various  compositions,  depending  on  the  Intended  use.  A  reagent  such  a.*,  b-'n- 
fonesul Conic  acid  Is  used  for  setting  fnl7.nl .  I'olymer-ccncrctcs  t-.ay  be  used 
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as  coatings  or  for  reinforced  structures 


Nonmetal  lie  Protective  Coatings^*®’* 

Nonmetalllc  corrosion-resistant  materials  are  used  not  only  for  struc¬ 
tural  items,  but  also  for  protective  coatings. 

The  protection  of  metals  with  nonmetalllc  coatings  is  accomplished  by 
various  methods,  the  selection  of  which  is  determined  by  the  structure  and 
shape  of  the  equipment  to  be  protected  and  the  conditions  under  which  it  is 
to  be  used. 

Plastic  protective  coatings,  Metallic  equipment  is  protected  by  coatings 
of,  for  example,  vlniplast  or  polyethylene  (a  film  of  the  plastic  being  used 
Is  glued  onto  the  apparatus  or  It  Is  fettled)  or  by  inserts. 

Vlniplast  film  Is  attached  by  means  of  perch! orovlnyl  cement  (a  solution 
of  perchlorovlnyl  resin  In  dlchloroethane,  stabilized  by  melamine).  The 
cement  Is  applied  by  brush  or  by  spraying  In  2-3  layers  onto  a  metallic  sur¬ 
face  which  has  been  prepared,  degreased  with  dlchloroethane,  and  dried. 

The  protection  of  apparatus  with  inserts  is  more  reliable  than  coating 
with  films.  Irregular  and  cylindrical  parts  are  made  by  molding  thermoplastic 
sheets,  which  are  heated  to  the  appropriate  temperature  and  bent  by  means  of 
wood  or  steel  (for  largo  sizes)  ferns.  Irregular  parts  of  inserts  arc  made 
with  special  mandrels  or  compression  molds  and  the  molded  parts  arc  welded 
tegother.  The  completed  Insert  is  placed  in  the  Metallic,  voou  or  concrete 
vossel,  leaving  a  apace  between  the  insert  and  the  well*,  of  the  v<  .  A 
solution  of  liquid  con-nt  is  poured  Into  the  spnc.->.  dlrc-c\  1  v  or  t'  r'">rh 
special  holes  in  a  steel  apparatus.  The  insert  t;  fl’lf!  >•)**.  v.--er 
the  solution  Is  being  poured  In. 


Inserts  prepared  by  this  method  can  be  used  only  for  small-scale  appara¬ 


tus. 


In  fettling,  plastic  plates  (of  vlniplast,  for  example)  of  thickness 
2-10  jrcn  are  fastened  to  the  body  of  the  apparatus  by  bolts  with  spherical 
heads.  Each  bolt  Is  secured  by  n  nut  on  the  outside  of  the  apparatus.  On 
the  Inside,  the  slot  of  the  bolt  is  filled  In  with  acid-resistant  cement  and 

Q 

then  the  entire  head  Is  sealed  in  with  thermoplast  . 

Small-scale  Items,  such  as  cast-iron  valves,  are  coated  by  presslr.g«in 
thermoplast  powder,  heated  with  a  special  device  to  the  required  temperature. 
This  temperature  Is  150°C  for  polyethylene  and  250  cC  for  f luoroplasts .  In 
this  method  the  body  (seat)  of  the  valve  forms  one  part  of  a  compression  mold 
and  the  plug  servos  as  the  other.  This  method  is  used  to  line  cast-iron  plug 
valves  with  modified  polytetraf luorocthylcne  (f luoroplast-40)  and  other  fluoro- 
plasts.  Techniques  have  now  been  developed  for  the  production  of  tubing 
lined  with  vlniplast,  polyethylene  and  other  thermo  plants  (VTU  289-62)^*^. 
Protective  coatings  can  be  obtained  with  thcrmorcacti vo  plastics  by  depositing 
the  green  mix  on  the  surface  and  then  setting  it  by  heat- treatment.  The 
materials  most  widely  used  are  faollto,  textollte  and  asbovinyl*  *  *  *  . 

The  preparation  of  faollte  protective  coatings  for  steel  and  cast-iron 
apparatus  (fnollting  or  fettling)  Is  done  In  the  following  way:  sheets  of 
raw  faollte,  cut  to  the  dimensions  of  the  apparatus  and  preheated  to  60  rC, 
are  covered  on  one  side  with  an  alcohol  solution  (15'.)  of  resol  resin  (or 
bakcllto  lacquer)  and  applied  to  the  surface  of  the  apparatus,  which  has  been 
coated  with  the  same  solution.  The  sheets  arc  pressed  and  carefully  rolled 
to  remove  nlr  from  the  faolit''  layer  (the  remaining  bubbles  nr"  punctured  and 
rolled  again).  Subelo.-.nts  are  assembled  with  butt-  or  overlapping  joints. 
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After  the  surface  has  been  covered  with  faolite,  a  coating  of  bakclite  lacquer 
is  applied  and  the  entire  apparatus  is  placed  in  a  polymerization  chamber  for 
setting.  The  temperature  in  the  chamber  is  increased  gradually  from  60  to 
130  ®C,  with  a  pause  after  each  increment  of  10 eC.  The  setting  process  nor¬ 
mally  takes  30  hr,  although  it  may  roquiro  60-70  hr  for  large-scale  items. 

In  the  faoliting  of  shut-off  fittings  such  ns  faucets,  heated  raw  faolite 
Is  compressed  in  removable  molds  and  then  is  set  by  the  method  outlined  above. 
Using  this  procedure  with  wood  or  metal  molds,  raw  faolite  sheets  can  be 
formed  into  tubing.  Columns  and  other  items.  The  molds  may  be  split  or 
sectional. 

For  the  protection  of  chemical  apparatus  with  asbovinyl  coatings,  the 
asbovlnyl  compound  is  applied  with  a  spatula  to  the  prepared  surface  of  the 
apparatus  as  a  primer  (layer  of  thickness  2-8  mm).  A  second  layer  of  thick¬ 
ness  3-6  mm  is  applied  after  the  first  has  hardened,  and  a  third  layer  of  the 
same  thickness  is  applied  after  the  second  has  hardened.  The  surface  being 
protected  and  the  first  layer  of  asbovlnyl  receive  two  coats  of  ethinol  lac¬ 
quer.  Under  natural  conditions,  each  layer  of  esbovin;’l  dries  in  5-6  days 
and  the  final  setting  process  requires  20-30  days.  The  drying  time  con  be 
shortened  to  10  days  by  using  warm  air  (AO-SO'C). 

Coatings  can  bo  prepared  from  powdered  polymeric  materials  by  two 
methods:  dusting  by  gas  flame  or  vortex  and  depositing  from  suspensions. 

The  materials  used  with  the  dusting  method  are  mainly  plastics  and  occasion¬ 
ally  rubbors  (when  they  can  be  obtained  In  the  form  of  finely  divided  pow¬ 
ders;  for  example,  thlokol).  For  gas-flone  dusting  on  an  Industrial  scale 
the  materials  used  arc  polyotityicne,  polypropylene  and  polyamides,  llowovcr, 
it  is  also  possible  to  use  fluoroplnst-3,  polystyrene,  polyvlny lhutyml 
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(butvar),  semlsolid  epoxide  resins  and  other  polymers#  Gas-flame  dusting  Is 
accomplished  by  means  of  special  devices®*'"’^,  such  as  UPW-4L. 

Sections  of  the  metallic  surface  are  heated  with  an  acetylene  flame  to 
200-210 °C  (for  dusting  with  polyethylene)  and  a  stream  of  compressed  air  with 
plastic  powder  suspended  in  It  is  directed  at  the  surface  Inside  the  stream 
of  burning  gas.  Tho  plastic  particles  are  heated  and  malted  in  flight.  When 
they  strike  the  heated  metallic  surface,  they  adhere  to  it  and  fuse  together 
to  form  a  continuous,  monolithic  protective  layer.  The  number  of  layers 
applied  depends  on  tho  demands  to  be  made  on  the  coating. 

The  "vortex"  method  of  dusting  consists  of  heating  the  item  t*y  be  coated 
to  a  temperature  above  the  melting  point  of  tho  plastic  and  then  dipping  It 
in  a  suspended  or  "boiling"  bed  of  powder.  This  fluidized  bed  is  fo  mad  by 
blov:lng  compressed  air  (or  an  inert  gas)  through  a  porous  diaphragm  (head) 
which  is  covered  with  plastic  powder.  The  suspended  powder  acquires  the 
properties  of  a  "boiling"  liquid,  more  then  doubles  its  volume,  and  freely 
envelopes  an  object  immersed  In  It.  When  the  powder  falls  on  the  heated 
surface  It  melts  and  spreads  out,  forming  a  uniform,  homogeneous  protective 
f ilm^®*^”^.  The  plastic  powders  used  with  the  vortex  dusting  method  are 
the  same  ns  those  used  with  the  gas-flame  method. 

The  method  of  depositing  plastic  powders  from  suspensions  Is  used  pri¬ 
marily  for  preparing  fluoroplast  coatings.  Fluoroplast-3  or  fluoroplnst-3.*i 
In  the  form  of  a  30/.  suspension  in  an  alcohol-xylene  mixture  can  bo  used  for 
this  purpose,  as  can  a  special  finely-divided  f luoroplast-AO  in  the  form  of 
an  aqueous  suspension,  Tho  suspension  Is  deposited  onto  the  prepared  (by 
sandblasting)  metallic  surface  by  pouring,  dipping  or  spray 

When  f luoroplnst-3  Is  applied  by  this  method,  each,  layer  has  a  thickness 


of  no  more  than  15-20  microns.  It  Is  necessary  to  apply  at  least  15-16  layers 
In  order  to  obtain  a  coating,  and  each  layer  must  be  dried  at  100-120  "c  and 
then  fused  together  at  260-270°C.  The  technique  for  the  preparation  of  this 
kind  of  coating  Is  very  difficult.  The  first  two  layers  comprise  a  primer 
and  they  contain  chromic  oxide  (15'/.)  to  Increase  the  adhesion.  In  the  deposi¬ 
tion  of  f luoroplact-3  suspensions,  plasticizers  (fluorocarbon  oils  and 
liquids)  can  be  used  to  Increase  the  thickness  of  each  layer  (by  at  least  a 
factor  of  two).  This  simplifies  the  coating  technique  and  reduces  the  number 
of  layers  to  5-7. 


After  the  lost  layer  of  f luo *opiost-3  has  been  deposited  and  fused,  the 


object  Is  quickly  immersed  in  cold  water  and  the  coating  hardens.  Vo  quench¬ 
ing  is  required  when  modified  nuoroplnst-3M  Is  used  to  prepare  coatings,  and 
It  is  better  In  this  case  to  cool  the  object  slowly  In  a  thermostat. 


The  60*  aqueous  suspensions  of  f luoroplast-AD  contain  from  9  to  12%  non- 
ionogcnic  sovfnco-active  agents,  which  stabilize  these  suspensions  and  make 
them  capable  of  wetting  a  variety  of  surfaces.  The  techniques,  and  procedures 
used  to  apply  f luoroplast-AD  suspensions  are  the  same  as  for  f luoroplnst-3, 
except  that  the  sintering  is  carried  out  at  a  higher  temperature  (370  -  10 JC). 

During  the  sintering  process,  the  stabilizer  is  vaporized  and  the  par¬ 
ticles  of  f luoroplast»4n  arc  converted  Into  a  homogeneous  film.  Slow  cooling 
is  recommended  In  the  preparation  of  f luoroplast-61)  coatings  because  it  In¬ 
creases  the  adhesion  of  the  coating.  Rapid  quenching  In  water  is  necessary 
when  a  free  film  Is  being  made. 

A  coating  ndc  of  f luoroplast-6!)  is  appreciably  less  impermeable  than 
one  made  of  f Iuoroplast-3.  It  can  bo  used  for  anti-adhesion,  antl-frlctlon 
•nd  electrically- Insulating  purposes  and  for  protection  only  against  atmos- 


pheric  corrosion. 


Rubbor  coatings.  The  protection  of  metallic  equipment  with  rubber-based 
materials  (rubbers,  ebonites,  sealants)  is  known  as  rubberizing,  the  process 
consists  essentially  of  applying  the  materials  In  the  form  of  crude,  unvul¬ 
canized  sheets  and  then  vulcanizing  them.  They  are  fastened  to  the  metallic 
surface  by  means  of  appropriate  cements.  The  rubberizing  of  apparatus  with 
sheets  of  PSG  reinforced  polyisobutylene  requires  no  vulcanization.  The  PSG 
is  fastened  to  the  metal  with  cements  Ko,  88  and  Ko.  8  without  heating,  under 
ordinary  conditions0  *  *  ,  PSG  poly isobutylene  can  be  applied  to  concrete, 

brick  and  wood  surfaces,  as  well  as  to  metals.  Moreover,  it  can  be  welded 
readily  with  an  electric  soldering  iron  or  by  hot  air  with  the  torches  used 
for  welding  vinlplast.  It  can  also  be  bonded  by  simply  wetting  the  surface 
with  gasoline  and  then  applying  pressure  with  rollers, 

PSG  polyisobutylene,  reinforced  with  carbon  black  and  graphite,  is  used 
as  an  independent  coating  material  or  as  a  sublayer  when  fettling  with  acid- 
resistant  tiles  or  bricks.  It  is  produced  in  the  form  of  sheets  with  dimen¬ 
sions  3000  x  800  x  2,5  mm.  Apparatus  which  is  to  be  coated  with  polyiso- 

butylcne  must  have  rounded  (radius  no  less  than  5  mn)  and  polished  corners, 
carefully-polished  voided  seams  and  calked,  countersunk  rivet  heads. 

Two  layers  of  cement  are  applied  to  a  surface  which  has  been  degreased, 
sandblasted,  washed  with  solvent  (gasoline)  and  dried  (the  first  layer  Is 
allowed  to  dry  Cor  2-3  hours).  One  layer  of  cement  is  applied  to  a  sheet  of 

PSG  which  has  been  trir.'od  to  fit.  After  i 0-30  nln  it  is  put  In  place, 

smoothing  It  out  from  center  to  edge  like  wallpaper  to  remove  air  bubbles.  It 
is  th-^n  rolled  to  produce  a  bond, 

Rubbor  and  ebonite  sheets  ore  also  used  for  rubberizing  apparatus^’®* , 
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Depending  on  the  construction  of  the  apparatus,  the  conditions  under 
which  It  operates  and  the  aggressiveness  of  the  medium,  rubberising  may  be  done 
with  the  following  materials:  ebonite  or  semlcbonlto  only,  soft  rubber  with 
an  ebonite  sublayer,  soft  rubber  only  and  vulcanized  soft  rubber.  As  a  rule, 
the  materials  aro  folded  over  and  applied  to  the  metal  In  doubled  form  or  in 
layers . 

Rubbers  and  ebonites  aro  fastened  to  metallic  surfaces  end  to  themselves 
by  using  the  cement  which  has  been  recommended  for  each  brand  (see  Table  36). 
The  vulcanization  is  carried  out  in  vulcanizing  kettles,  in  which  the  object 
being  rubberized  is  subjected  to  saturated  vapor  or  hot  air  at  a  predetermined 
temperature.  In  some  cases  tho  rubberized  apparatus  itself  can  serve  as  the 
vulcanizing  kettle  If  it  operates  under  pressure.  This  is  known  as  a  closed 
method  of  vulcanization. 

Tho  increase  of  temperature  and  pressure  in  tho  vulcanizing  process  is 
carried  out  in  accordance  with  a  program  which  has  been  determined  for  each 
brand  of  rubber. 

It  is  considerably  easier  to  vulcanize  without  pressure  by  the  open 
method,  with  hot  vapor,  air,  water  or  a  A0%  solution  of  calcium  chloride, 
heated  to  boiling.  However,  only  a  few  rubbers  can  be  vulcanized  by  this 
method;  in  particular,  those  based  on  nalrite  and  butyl  rubber. 

A  more  progressive  method  of  rubberizing  is  tho  use  of  solutions  and 

pastes.  This  makes  it  possible  to  use  the  methods  which  arc  used  to  apply 

colored-lacquer  coatings  and  to  protect  objects  of  complicated,  as  well  os 
82 

simple,  shapes  .  In  order  that  this  bo  practical,  it  is  nocessary  that  tho 
rubbers  dissolve  readily  and  form  concentrated,  hut  not  viscous,  solutions 
which  can  bo  applied,  like  lacquers,  by  brushing,  spraying,  pouring  or  dipping. 
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An  example  of  this  type  of  rubber  is  chloroprene  rubber  which  has  been 
previously  digested  and  is  therefore  readily  soluble.  This  material  has  a 
lower  molecular  weight  than  usual  and  is  called  liquid  nairlte  (VTU  LU-109-- 
6i)(ii>.  the  USA  this  type  of  rubber  is  called  KnR  liquid  neoprene )^,96^ 

A  67-7C%  solution  of  the  rubber  mixture  is  applied  to  the  surface  by 
brushing,  pouring  or  dipping.  The  prepared  surface  is  covered  with  two  layers 
of  chloronalrito  primer  (VTU  1.U-I0S--61) .  Each  of  these  layers  is  aged  for  15- 
20  min  and  then  no  less  than  three  layers  of  liquid  nairite  are  applied. 

Each  layer  is  maintained  at  20°C  for  at  least  tv?o  hours  and  the  final  layer 
is  allowed  to  dry  for  three  days. 

The  coating  Is  vulcanized  for  10-24  hours  at  100:C  and  normal  pressure 
by  the  open  method,  in  a  chamber  of  any  kind  with  enclosed  heating.  The  elas¬ 
tic  rubber  coating  obtained  in  this  way  has  a  thickness  of  1.0-1. 5  mm.  It  has 

2 

an  adhesion  to  steel  of  35-45  kgf/cm  (at  the  break-away  point)  and  it  has 
good  protective  properties.  Sometimes  more  concentrated  (C0-90A)  nairite 
compounds  are  used.  These  arc  pastes  which  are  applied  to  the  surfaces  by 
spatvilas  or  sprayers  of  various  designs.  Tastes  of  this  kind  are  used  to  make 
hermetic  seals. 


In  addition  to  liquid  nairite,  liquid  low-no locular- weight  rubbers  are 
used  for  rubberizing  from  solutions  or  pastes.  This  typo  of  coating  Includes 
rubber  Mixtures  based  on  liquid  rhlokols:  hernetlcr.  1-30M  and  UT-31,  which 
arc-  applied  to  surfaces  being  protected  or  sealed  by  spatula  or  by  sprayer. 
Thiokol  coatings  are  vulcanized  In  air  under  ordinary  conditions.  Thlokols 

can  be  used  to  protect  or  seal  not  only  metals,  but  also  concrete  and  other 

,  41  ,r.  4 

surfaces  *  . 


Tiie  properties  of  vulcnr.ir.'ui  coatings  based  on  liquid  nairite  and  thiokol 


% 
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herinetics  arc  listed  in  Tabic  48 


Legend  for  Table  48: 

A  -  Properties;  B  -  Vulcanized  liquid  nnirite;  C  -  Thiokol  hormetics; 
1  -  Density,  g/ cm  ;  2  -  Limit  of  strength  under  tension,  kgf/cm^; 

3  -  Relative  elongation,  %\  4  -  Residual  elongation,  7'.;  5  -  Wearabil- 
ity,  cm  /kwh;  6  -  Brittleness  temperature, °C;  7  -  Adhesion  to  steel 

(through  a  primer)  at  the  break-away  point,  kgf/cm^. 


/' 

riOKA3ATe/IH 

T»ioKr».ioni>;c  rtpv.cTisim 

Hiill 

yT-ai 

1  rijIOTHOCTi.,  2/C.'.'5 . 

1,3-1. 5 

1.2 — 1,4 

1, 5-1,7 

/  ripeACJi  npomioc-it  np;i  paerra- 
iKcu.m,  Kiclc:.’? . 

70-90 

30—35 

35-40 

OTiicciiTejimioc  yipmuciuie, 

% . 

200—270 

300-400 

450-550 

•t  OcTaTo>iiioc  y.vwiicaae,  %  . 

2-8 

2—10 

3-10 

i:HcTiipae.'.;ocTi.,  cm*Ikuiu-h  .  . 

430-550 

1550-  1C50 

1740-1970 

TcMiiepaTypa  xpynKocr.i,  *C  . 

-30 

-42 

—45 

AAicsan  :<  cra."it  (<u  pc3  rpyiiT) 
iia  orpua,  Kiel  cm*  .... 

35-50 

Ho  28 

18-20 

Table  4S.  Physical  and  mechanical  properties  of  thiokol  hermetics  and 
vulcanized  coatings  based  on  liquid  nalrlte. 

Colored-lacquer  coatings.  Painting  with  lacquers,  enamels  and  paints  is 
used  mainly  for  the  protection  of  the  exteriors  of  chemical  apparatus  and 
buildings.  It  is  used  to  a  lesser  degree  for  internal  protective  coatings 
for  apparatus  which  is  in  contact  with  aggressive  madln^ 

The  best  rothod  of  applying  colored-incqucr  coatings  is  by  spraying  with 
compressed  air,  fed  through  a  special  paint  sprayer.  They  can  also  be  spread 
adequately  by  the  simple  brush  method.  In  addition,  the  methods  of  dipping 
and  pouring  arc  used.  Fillers  and  primers  can  be  appl'cd  by  means  of  a  spat¬ 
ula. 


Two  developing  methods  of  applying  colored-lacquer  materials  are  paint¬ 
ing  in  an  electric  field  and  the  method  of  electrophoresis  when  water-enul- 
sion  paint  compositions  are  used.  Paint  particles  which  fall  into  a  high- 
intensity  electric  field  acquire  a  charge  and  precipitate  onto  the  surface 
being  painted,  the  latter  having  a  charge  of  opposite  sign. 

In  the  case  of  electrophoresis,  particles  precipitate  out  of  an  emulsion 
under  the  influence  of  a  constant  current  which  is  supplied  by  an  external 
source.  The  mechanisation  and  automation  of  the  processes,  which  are  being 
improved  constantly,  are  of  great  value  in  obtaining  colored-lacquer  protec¬ 
tive  coatings. 

The  detail?  of  the  application  technique  depend  on  the  nature  of  the 

lacquer  or  enamel.  Pcrchlorovinyl  coatings  are  applied  in  many  layers,  with 

intermediate  drying  and  final  drying  of  the  last  layer  for  not  less  than  6 
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days  at  room  temperature  . 

bituminous-oil  lacquers  are  applied  in  no  loss  than  two  coats  and  the 
drying  tine  of  the  film  at  18-20  C  amounts  to  24-48  hours,  depending  on  the 
brand  of  the  lacquer. 

Bakellto  lacquers  arc  solutions  of  phenol. formaldehyde  resin  In  ethyl 
alcohol.  To  obtain  chemically  stable  coatings,  they  are  applied  in  3-4 
layers  to  prepared  surfaces  which  have  teen  cleaned  to  a  luster.  The  first, 
prime  coat  (normally  with  a  filler)  is  applied  with  a  brush  and  the  subse¬ 
quent  layer?  (of  normal  paint  cons i.'-.t oncy)  nio  applied  by  a  sprayer.  The 
filler  is  add  d  to  the  primer  In  order  to  improve  the  adhesion  of  the  lacquer 
to  the  s:etnl,  and  to  th'  covering  lnv< rs  in  order  not  to  impair  the  wearabil¬ 
ity  of  t!.  •  coat  in-.. 
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Bakolitc  coatings  ore  dried  by  gradual  beating,  with  a  pause  every  10-15 
minutes*  The  first  and  second  layers  are  heated  to  100 JC  and  the  third  to 
130 °C. 


Epoxide  lacquers  and  enamels  may  bo  hardened  cold  with  polyaminos  or  at 
100-120°C  with  tho  anhydrides  of  phthallc  or  maleic  acids.  Cold-setting  epox¬ 
ide  coatings  are  most  promising  for  protection  from  corrosion.  Epoxide  colorcd- 
lacquer  materials  arc  supplied  in  the  form  of  two  separate  compounds:  epoxide 
fillers  or  enamels  with  all  of  their  components,  and  a  setting  solution  which 
is  added  to  tho  first  compound  immediately  before  use. 

For  fillers  E-4020  and  E-4021,  a  50^  solution  of  hcxamethylenodiaminc  is 
used  as  a  hardener.  The  setting  process  takes  24  hrs  at  18-20 °C  and  7-8  hrs 
at  50-70°C.  Fillers  ore  applied  in  several  coats,  since  tho  thickness  of 
each  layer  amounts  to  no  more  than  0,5  ten. 

The  commercial  enamels  OSP-41'71  and  OEP-4173  are  also  hardened  with  hexa- 
mcthylcncdiamine  in  two  hours  at  12CKC,  in  accordance  with  TU.  They  nay  also 
be  hardened  at  room  temperature,  but  a  longer  time  is  required  (24  hrs  for 
each  coat  and  several  days  for  tho  last).  Moreover,  the  protective  properties 
of  cold-hardened  enamels  arc  somewhat  poorer  than  those  of  enamels  which  have 
been  hardened  at  higher  temperatures. 

Protection  with  fettling  til Fettling  with  Inlaid  materials  Is  used 
for  the  protection  of  large-scale  apparatus:  tanks,  columns,  autoclaves  and 
other  equipment*  The  first  step  of  the  fettling  process  Is  the  application 
of  a  layer  of  plaster,  cement  or  concrete  binding  material  (so-called  filler) 
to  tho  prepared  metal  surface.  After  this  layer  has  dried,  the  fettling  tiles 
aro  embedded  In  plaster,  which  forms  a  layer  of  thickness  5-d  mm  under  the 
tiles  anc!  fills  the  cracks  between  them..  Uho  fettling  Is  dried,  #i>,d  Jn  some 
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cases  the  seams  are  subjected  to  acidification  (for  operation  in  acidic  media). 
The  fettling  Is  done  in  one,  two  or  more  layers.  In  recent  years  there  has 
been  an  increase  in  the  use  of  combination  linings,  In  which  a  sublayer  of 
polylsobutylcno  is  applied  to  the  apparatus  before  fettling. 

For  fettling  they  use  silicate  materials  (acid-resistant  brick,  ceramic 
tile,  so-called  •'metlakh'*  tiles  ,  acid-resistant  and  heat-acid-resistant 
ceramic  tile,  diabase  and  basalt  cast-stone  tile  and,  less  frequently,  glass 
and  porcelain  tile)  and  also  organic  materials  (carbon-graphite  tile,  Impreg¬ 
nated  graphite  and  antogmitc).  Arzamltc  or  silicate  plaster  Is  used  as  the 
binder  and  for  filling  cracks. 

In  contrast  to  other  materials  which  are  used  for  fettling,  graphitic 
materials  are  thermally-conducting,  which  is  a  necessary  condition  for  the 
protection  of  heat-exchange  equipment. 

In  addition  to  the  protective  coatings  enumerated  above,  which  involve 

the  use  of  nonretail le  materials  of  organic  as  well  as  Inorganic  origin,  acld- 
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resistant  coatings  of  cements,  concrete  and  bitumens  are  also  used  . 

The  protection  of  cast-iron  and  steel  Items  by  enameling  is  of  great 
Importance  in  the  construction  of  chemical  apparatus.  The  methods  of  enamel¬ 
ing  are  classified  as  wet  or  dry,  A  primer  enamel  of  special  composition  is 
applied  to  the  metallic  surface  first.  This  compensates  for  the  mechanical 
and  thermal  stresses  which  arise  between  the  metal  and  the  cnam.-l  coating. 

Then  several  coats  (usually  three  or  four)  of  covering  enamel  arc  applied, 
with  partial  drying  of  each  coat  and  final  annealing  of  the  enameled  object 
at  r.‘>O-900*,C.  The  necessity  of  annealing  limits  the  possibility  of  enameling 
large-scale  equip:  ie;\t , 
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In  addition  to  the  well-known  method  of  enameling  with  subsequent  anneal¬ 
ing  In  a  £um«ce,  a  new  method  of  enameling  In  an  electromagnetic  field  with 
induction  currents  has  become  increasingly  accepted  in  recent  years ,  In  this 
case  ti»e  enameling  is  not  done  in  furnaces ,  but  on  automatically-operated 
mechanical  benches  and  stands.  Domestic  industries  use  this  method  to  pro¬ 
duce  enameled  pipe  with  flanges  (with  diameters  of  two-thrcc  inches  and 
lengths  up  to  two  meters)  end  matching  toes  , 

For  enameling  chemical  equipment,  special  brands  of  acid-resistant 
covering  enamels  are  used:  105,  141,  143  and  others.  The  finished  enameled 
items  must  be  tested  for  continuity  of  the  coatings.  To  verify  the  quality 
of  the  enamel  (at  the  time  of  application),  special  samples  arc  tested  to 
determine  the  heat-  and  acid-resistance  and  several  other  properties. 
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Cl  »ptor  III 


CORROSION-RESISTANCE  OF  METALS  AND  N'Ot. 'METALLIC  MATERIALS 


This  chapter  contains  diagrams*^  of  the  stability  of  several  materials 
In  hydrochloric  and  sulfuric  acids  (Figures  17  and  IS)  and  a  table  of  the 
corrosion- resistance  of  common  materials  In  various  inorganic  and  organic  media. 


Fig.  17.  Diagram  of  the  stability  of  materials  in  hydrochloric  acid,  accord¬ 
ing  to  the  data  of  G.  A,  Nelson  (i32)(the  regions  of  stability  are 
shaded) j 


l  -  kbastolloy  V,  tantalum,  silver,  platinum,  monel  metal  (in  the  absence 
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glass,  erapMte,  rubbers,  faolite,  saran,  nickel  (in  the  absence  of  air), 
monel  metal,  copper,  silicon  bronze;  3  -  khastclloy  V,  tantalum,  plati- 
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silver,  silicon  bronze,  glass,  graphite,  faolite,  saran,  rubbers; 


4  -  khastclloy  V,  tantalum,  platinum,  silver,  glasc,  graphite; 

5  -  khastclloy  A  and  V,  tantalum,  silver,  platinum,  glass,  graphite, 
faolite,  saran,  rubbers. 


All  of  the  materials  included  in  the  table  are  arranged  by  groups  in  the 
following  order: 


Group  1  --  metallic  alloys  based  on  iron: 
steels 

carbon; 

chrome,  containing  13A  chromium; 
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Fig.  1R.  Diagram  of  the  stability  of  materials  in  sulfuric  acid,  according 
to  the  data  of  G.  A,  Nelson  (132)(thc  regions  of  stability  are 
shaded): 

1  -  lead,  kbastclloy  V  and  D,  steels  of  the  type  0Kh23K28M3D3T,  glass, 
graphite,  faolite,  rubbers  (up  to  77'SC),  copper  (in  the  absence  of  air), 
monel  metal,  aluminum  bronzes;  2  -  lead,  silicon  cast  iron,  khastelloy 
V  and  D,  steels  of  the  type  0Kh23N23M3D3T  (up  to  665C),  glass,  graphite, 
faolite,  rubbers  (up  to  77^0),  copper  (in  the  absence  of  air),  monel 
metal,  aluminum  bronzes;  3  -  load,  khastelloy  V  and  D,  steels  of  the 
type  OKh23N2R»:3n3T  (up  ro  66  °C),  silicon  cast  iron,  monal  metal  (in  the 
absence  of  air),  glass,  graphite;  4  -  lead,  steel,  silicon  cast  iron, 
khasiclloy  V  and  D,  steels  of  the  type  0Kh23i;28M3D3T,  glass,  graphite 
(up  to  a  concentration  of  96/0 J  5  •  silicon  cast  iron,  khastelloy  V  and 
D,  lead  (up  to  RO^C),  steels  of  the  type  0:ih23::23.M3D3T  (up  to  66  °C), 
glass,  graphite  (up  to  R0°C  and  a  concentration  of  9674);  6  -  steel, 

khastelloy  S,  steels  of  the  types  18-8  and  0Kh23N2SK3D3T;  8  -  silicon 
cast  iron,  khastelloy  V  and  D,  glass;  9  -  silicon  cast  iron,  glass; 

10  -  glass. 


Group  I  (eon't): 

chrome,  containing  17-25/.  chromium; 

chrome-nickel,  with  decreased  nickel  content,  typo  Kh2lh'5T; 
chroma-nlcko!  of  type  KhlRNIOT; 

chromo-nickel,  containing  molybdenum,  type  Khl7i\'l2K2T; 
chromo-nickel,  containing  molybdenum  and  copper,  type  0Nh23.J2R!I3D3T; 

east  iroiu 
gray; 
silicon. 
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Group  II  -  non- ferrous  metals  and  alloys: 
aluminum; 
copper; 
bronzes 

al  ami nun; 
tin; 
brass; 
nickel; 

nickel-copper  alloy  (monel  metal); 

nickel-molybdenum  alloys  of  the  type  K70ii27; 

lead; 

silver; 

tantalum; 

titanium; 

sine. 

Group  III  -  polymerization  plastics: 
polyisobutylenc; 
polyethylene; 
polypropylene; 
polystyrene; 

polymethylmethacrylate  (organic  glass); 
poly formaldehyde; 
polyvinylchloride  (vlniplast); 
polytrlf luorochloroo thy lone  (f luoroplast-3) ; 
poJ ytctrnf  1  lioroethylew*  ( f luorspl cst-6) ; 
asbovinyl , 

Croup  17  -  polycondcnsntion  plastics  and  rosins: 
polyamides ; 


% 
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Group  IV  (con't) 


polyester  resins; 

chlorinated  polyester  --  pantoplast; 

polycarbonates; 

phenoplasts 

tcxtolite; 

faolite; 

arzamite  plasters; 
epoxide  resins. 

Group  V  -  resins  based  on  lubbers: 
natural; 

butadiene-styrene; 

butadiene-nitrile; 

butyl  rubber; 

polysulfide; 

fluorlnated  rubbers; 

chlorosulfonatad  polyethylene; 

chloroprenc  * 

Group  YI  -  colored- lacquer  materials: 
bakelito  lacquers; 
bituminous  mastics  and  lacquers; 
perchlorovlnyl  lacquers  and  enamels. 
Group  VII  -  materials  of  inorganic  origin: 
natural  acid-resistant  materials; 
glass; 

acld-resis'  it  enamel; 
acid-resistant  ceramic; 
porcelain; 
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Group  VII  (con’t): 

silicate  cements,  concretes,  plasters* 

Group  VIII  -  other  materials: 

wood; 

antegmlte  (graphltoplast); 

impregnated  graphite; 

carbon. 

Information  on  the  corrosion- resistance  of  various  materials  is  given  in 
the  table  for  each  particular  aggressive  medium,  with  an  evaluation  of  the 
stability  at  a  given  temperature  or  within  a  specified  range  of  temperatures. 
When  there  is  no  information  on  the  stability  of  a  particular  material,  its 
nano  is  onitted  from  the  table. 

The  aggressive  media  aro  listed  in  alphabetical  order.  Inorganic  media 
are  considered  first,  and  then  organic  media. 

Kedia  for  which  there  is  only  a  small  quantity  of  data  on  the  stability 
of  materials  are  not  considered  separately.  Data  of  this  category  are  listed 
under  media  of  similar  nature,  with  appropriate  notations  to  this  effect. 

For  salts,  bases  and  acids  there  aro  entries  which  give  the  concentra¬ 
tions  of  the  saturated  (T  *>  20*C)  aqueous  solutions  for  which  the  data  on 
corrosion-resistance  are  valid. 

In  the  absence  of  notes  to  the  contrary,  the  stability  rating  applies  to 
any  intermediate  concentration  within  the  limits  indicated  for  the  medium  in 
question.  For  cases  in  which  the  corrosion-resistance  of  the  aiterinl  is 
strongly  dependent  on  tho  concentration  of  the  medium  (acids,  for  example), 
the  concentration  for  which  the  data  apply  is  given  after  the  name  or  an 
appropriate  explanation  is  given  in  the  remarks. 
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The  concentration  of  a  solution  for  which  data  on  corrosion- resistance 
are  quoted  may  exceed  the  concentration  indicated  in  the  characteristics  of 
the  medium;  and  likewise  the  temperature  limit  of  utilization  may  be  higher 
than  the  boiling  point.  This  is  the  result  of  a  change  of  conditions: 
temperature,  pressure,  etc. 

In  order  to  facilitate  the  location  of  salts  In  the  table  of  corrosion- 
resistance,  their  technical  (international)  names  are  given  below: 


* 

Co/m 

frii:-  •  .1 

Oopjiyjia 

/:•  v  v  •  .  /;>;  'iir  >  r':>  :  • 

TexiuiuccKoe  (m  hca yiiapoAiioe) 
waauauie 

A3OTI1CTOKIICAU0 . 

|  MeNOs 

HirrpifTU  / 

A30Tfi0KlfC.fi  bfC . 

McNOj 

MiiTpaTbi  t 

BpOMUCThfC . 

McBr 

BpOMIIAbl 

/(.ByXpOMODOKilCfiblC . 

Mc-Cr.0, 

EliXpOMfiTbl  -- 

HoAUevue . 

Mel 

HoAUTbl 

Ho/'!ioMTo;<:te.nuc . 

MelO, 

Hona  ru  l- 

KpoMiiCKiic.’iue . 

Mc;SiOa 

CnfiifKaTbi  MOTS 

KpcMf(c$Top;icTbie . 

Me-SiF* 

q>Topnifiif!<aTW 

MapraiiuoBOKrc/ibie . 

MeMnO, 

ricpy.aiiraiiaTU  . 

KaAcepHOKiicjiue . 

McjSjO,, 

ricpcy.fiw|)aTbi  /,• 

PoAaifitCTUC . 

McNCS 

TiiouiiaiiaTU  a 

CepKiCTOxucjibie . 

MC2SO3 

Cy.fimjjKTU  /A  _ 

CepllitCTOKllOlUC  KHCfibIC  .  . 

McHSO. 

BlICV-lb^UTbl  ■- 

CepiWCTtrj . 

Mc,S 

: ; 

CepHODanicTOKiicaue  .... 

Me-'SA 

1'  ifiocyfib^niTbi .  f 

CcpaoKucTihic . 

Me.SO. 

Cy.fib'tmTbi  J 

CepnoKiicjfue  Kitcaue .... 

MeHSO. 

Bucy.fiwhaibi  !'f 

ymcKKcauc . . 

MesCO, 

KapGoiuiTbt  : 

yrnexucjihte  Kucnue  .... 

McHCO, 

BuKanGotiaTU  :  7 

yKcycKOKi:c.fii.'e . 

Me(CHaC00j 

AueranJ  \> 

<Joc4>opnoivHC.fiwe . 

Me,PO. 

OocipaTbi  ' ' 

q>T0pr.C7UC . 

MeF 

OTopaau 

X/iopucTbie . '.  .  . 

MeCI 

X.fiopiiAbi 

XfiopnoBaTficroKucfinie  .  .  .  .  i 

MeOCl 

ninox.fiopiiTbf - 

XfiopK0B2To;;'.ic;iue . | 

McCIO, 

X.iopaTU  -  ' 

XfiOpliOKilCfibf? . 

McC104 

ricpxT.opaTbi  iC 

XpoMoaoKiicoHe . J 

MeXrOj 

XpoMaTW  A '' 

lllifiUUCTbiC . j 

MeCN 

Ifuamau  . '  / 

liUiiC.icDoKiicauc . I 

Me,(COO), 

Oaca.-atu  ; 

Names  of  salts  found  In  the  table  of  the  corrosion- resistance  of  materials. 


Legend  for  table  (Translator's  note:  Only  the  international  names  are  trnns 
lated,  since  most  of  the  Russian  names  have  no  other  common  equivalents): 

1  •  Nitrites;  2  -  Nitrates;  3  -  Bromides;  4  -  Di chromates; 

5  -  Iodides;  6  -  Iodates;  7  -  Notasilicates;  8  -  Fluosl licates; 
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9  -  Permanganates;  10  -  Persulfates;  11  -  Thiocyanates;  12  -  Sulfites; 
13  -  Bisulfites;  14  -  Sulfides;  15  -  Hyposulf ites;  16  -  Sulfates; 

17  -  Bisulfates;  18  -  Carbonates;  19  -  Bicarbonates;  20  -  Acetates; 

21  -  Phosphates;  22  -  Fluorides;  23  -  Chlorides;  24  -  Hypochlorites; 

25  -  Chlorates;  26  -  Perchlorates;  27  -  Chromates;  28  -  Cyanides; 

29  -  Oxalates. 


For  organic  media  tho  characteristics  are  the  melting  point  and  boiling 
point  of  the  medium. 

Information  on  the  stability  of  materials  is  given  for  individual  sub¬ 
stances. 

For  organic  acids  which  are  soluble  in  water,  the  stabilities  of  mater¬ 
ials  in  aqueous  solutions  of  these  acids  are  listed. 

When  data  on  the  corrosion-resistance  of  materials  correspond  to  boiling 
points  (b,  p.)f  they  refer  to  the  boiling  points  of  inorganic  and  organic 
liquids  or  of  aqueous  solutions  of  inorganic  and  organic  compounds. 

The  following  conventional  symbols  have  been  adopted  for  rating  the 
corrosion-resistance  of  materials: 

B  -  completely  stable; 

X  -  stable; 

0  -  slightly  stable  for  metallic  materials;  relatively  stable  for  other 
materials; 

11  -  unstable. 

In  addition,  double  symbols  are  encountered  in  the  ratings  of  corroslon- 
rcsJ stance  of  materials:  for  example,  B-X,  B-X,  X-0,  etc.  Those  Indicate 
changes  of  stability.  The  reason.;  for  the  changes  are  given  In  the  appropriate 


% 
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•’Remarks"  columns.  Whon  there  are  no  remarks,  the  change  of  stability  is 
caused  by  an  increase  of  temperature. 

If  a  rating  of  B,  X,  0  or  H  is  given  in  the  "Stability"  column  and  a 
footnote  to  this  column  refers  to  a  change  of  stability  in  relation  to  various 
factors  (temperature,  concentration),  this  means  that  the  change  in  the  rate 
of  corrosion  falls  within  the  limits  of  the  corresponding  rating  (for  example, 
0,1-1  mm/yr  for  the  rating  X). 

The  corrosion-resistance  of  the  materials  of  each  group  is  evaluated 
differently. 

Metals  and  alloys.  Metals  and  alloys  (groups  1  and  II)  are  rated  on  a 
five-point  scale  of  corrosion-resistance  (see  introduction),  with  the  distinc¬ 
tion  that  metals  which  corrode  at  rates  greater  than  3.0  mm/yr  are  referred  to 
one  group  Instead  of  two  and  are  rated  as  unstable,  practically  unsuitable  for 
use.  This  rating  method  agrees  with  data  from  the  foreign  reference  litera¬ 
ture  on  the  corrosion-resistance  cf  metals  and  alloys*®2**** *128,132  finf,  ujth 
the  maximum  allowable  values  of  corrosion  permeability  which  have  been  adopted 
by  the  chemical  industry^  (see  table  on  page  9), 

In  the  table  below,  the  adopted  system  for  rating  the  corrosion-resis¬ 
tance  of  metals  and  alloys  Is  compared  with  the  five-point  and  ten-point 
scales. 

Legend  for  table: 

A  •  Adopted  stability  rating;  !'»  -  Kate  of  corrosion,  mm/yr;  C  -  Stabil¬ 
ity  group;  0  -  Stability  rating  on  five-point  scale;  E  -  Stability 

rating  on  ton-point  scale  (GOST  5272-50); 

1  -  Completely  stable  (B){  2  -  Very  stable  (point  l);  3  -  From  completely 


stable  to  stable  (points  1-5);  4  -  Stable  (X);  5  -  Stable  (point  2); 

6  -  Decreased  stability  (points  6,7);  7  -  Slightly  stable  (0); 

8  -  Decreased  stability  (point  3);  9  -  Slightly  stable  (point  8); 

10  -  Unstable  (H);  11  -  From  slightly  stable  to  unstable  (points  4,5); 

12  -  From  slightly  stable  to  unstable  (points  9,10). 


/\  npMIHTflfl 

UriiKA  CTOi.KOCTIl 

. 

G  CKOpOCTU 
c  K0pp03ilH 

MM /tOO 

rpynnu  CTormocni 

<0.1 

i 

Bnoniic’  CTofiKiie 

,  (B) 

0.  l—l 

T 

CroftKiic  (X) 

1-3 

7 

Ma-nocToaiaie  ;0) 

>3 

/?ccTofti\i;e  (H) 

Duenna  CTOflkocTii  no  C'lei'Ka  CTOfiKOCTH  no 
nRTU6a.37U.liOJ)  UiKiVtC  ACCr.Thfa.V! b HO.  I  UHWTtC 
(i  OCT  o2<2— 60} 

_ 

BecbMa  CTOmuic  Ot  coocpuicimo 
(Ga.lwl  1)  CTOi'lKIlX  ao  croft- 

<-  kiix  (Ga.i.iu  1—5) 
Ctoukiic  2)  notm/KOiiiiocTofiKiic 
'  (Gajuibi  6,7) 

noiiioxomiocroriKii:  /4aAocToiiKite  (Ga.i.i 
t>  (Gawi.fi  3)  r  8) 

Ot  MaaocTofiiuix  ao  Ot  MawiocioiiKiix  ;io 
HecTofiKiix  (oaaabi  itccToftKiix  (uawi.iu 
4.5)  9,10) 


Konmetalllc  polymeric  materials.  In  rating  the  corrosion-resistance  of 
nonmetallic  polymeric  materials  (groups  III,  IV,  V,  VI),  changes  of  mass  or 
volume  under  the  influence  of  the  aggressive  medium  are  considered.  Changes 
of  mechanical  properties  are  also  considered  when  data  are  available. 

For  rubbers,  the  change  of  elasticity  after  exposure  to  the  aggressive 
medium  is  also  taken  into  consideration  (if  the  relative  elongation  at  rup¬ 
ture  amounts  to  less  than  100X,  the  rubber  is  considered  to  be  unstable  in 
the  medium  in  question). 

In  evaluating  the  corrosion-resistance  of  nonmetallic  materials  of  in¬ 
organic  origin  and  other  materials  (groups  VII  and  VIII),  the  follov/ing 
categories  arc  used}  stable  (0  or  X),  relatively  stable  (0)  and  unstable  (H), 
This  is  due  fact  that  the  evaluation  of,  for  example,  natural  and  silicate 
materials  is  ordinarily  confined  to  the  determination  of  nc id-res l .stance  and 


-109- 


water-absorbance.  The  limit  of  strength  under  compression  or  tension  is 
tested  only  for  load-bearing  structures.  The  acid-rcslstance  of  these  mater¬ 
ials  should  be  at  least  97-98/., 

In  evaluating  the  chemical  stability  of  enamel  coatings,  the  loss  of 
mass  In  mg  per  cm4  of  surface  is  considered  and  external  changes  are  also 
noted  (dullness,  roughness). 

The  table  on  page  111  shows  a  comparison  of  the  qualitative  ratings 
(using  the  adopted  symbols)  of  the  corrosion-resistance  of  materials  in  the 
various  groups  with  the  quantitative  ratings  or  with  the  characteristics  of 
the  surfaces  (in  the  case  of  enamel  coatings).  There  is  also  an  indication 
of  the  use  of  the  materials  Jn  each  category  in  relation  to  their  corrosion- 
resistance. 


Legend  for  table: 

A  .  Rating  of  corrosion-resistance;  B  -  Metals  (groups  I,  II); 

C  -  Rate  of  corrosion,  mm/yr;  D  «  Use;  E  -  Nonmetallic  polymeric 
materials  (groups  III,  IV,  V,  VI);  F  -  Change  of  mass,  G  -  Change 
of  strength,  %;  H  -  Nonmetallic  materials  (groups  VII,  VIII); 

I  -  Enamels;  J  -  Silicate  and  other  materials;  K  -  Condition  of  sur¬ 
face;  L  -  Acid-resistance,  %; 

I  -  For  any  apparatus  or  machinery;  2  -  For  equipment  of  simple  con¬ 
struction;  3  -  Only  for  replaceable  parts;  4  -  For  parts  which  are 
changed  frequently  (of tor  experimental  testing);  5  -  Decompose  under 
the  Influence  of  the  medium  and  are  unsiutoblc  for  use;  6  -  Unchanged; 
7  -  Slightly  dull;  8  -  Dull  (rough);  9  -  Decompose;  10  -  Unlimited; 

II  -  Limited  use  (under  certain  conditions);  12  -  Not  recor -mantled  for 
use. 
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